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Description 

.. [0001] THIS INVENTION relates to polymerization, Itrelatesinparticulartoapolymer.andtoaprocessforproducing 
a polymer. 

5 [0002] According to a first aspect of the invention, there is provided a polymer of ethylene as a first monomelic 
component, with a high carbon number linear alpha olefin having at least five carbon atoms as a second monomeric 
component, with at least one of the monomeric components being Fischer- Tropsch derived so that it includes at least 
one other olefinic component. 

[0003] In other words, a polymer according to the first aspect of the invention is the reaction product obtained when 
10 a first monomeric component comprising ethylene is reacted with a second monomeric component comprising a high 
carbon number linear alpha olefin having at least five carbon atoms, with at least one of the monomeric components 
being Fischer-Tropsch derived so that it includes at least one other olefinic component. Normally a plurality of the other 
olefinic components will be present in a Fischer-Tropsch derived monomeric component. 

[0004] More particularly, the polymer may be that obtained by reacting the first monomericcomponent with the second 

15 monomeric component in the presence of a metallocene catalyst. 

[0005] The high carbon number linear olefin may be 1 -pentene, 1 -hexene, 1 -heptene, 1 -octene or 1 -nonene. 
[0006] The first and/or the second monomeric component is thus, as hereinbefore set out, Fischer-Tropsch derived. 
The polymer may include at least one further olefinic monomeric component. Thus, the polymer may include, as a third 
monomeric component, a high carbon number linear alpha olefin having 4 or more carbon atoms, and which is different 

20 to that of the second monomeric component, with the third monomeric component also being Fischer-Tropsch derived 
so that it includes at least one other olefinic component. It may then also, if desired, include at least one further different 
high carbon number linear alpha olefin which is Fischer-Tropsch derived. In other words, it will then include a plurality 
of Fischer-Tropsch derived monomeric components. Instead, or additionally, however, the polymer may include at least 
one conventional olefinic monomeric component. Thus, the polymer may comprise at least one conventional olefinic 

25 monomeric component together with the second monomeric component or together with a plurality of Fischer-Tropsch 
derived olefins. 

[0007] By 'Fischer-Tropsch derived' in respect of a monomeric component is meant that it is obtained from the so- 
called Fischer-Tropsch process, ie it is obtained by reacting a synthesis gas comprising carbon monoxide and hydrogen 
in the presence of a suitable Fischer-Tropsch catalyst, normally a cobalt, iron, or cobalt/iron Fischer-Tropsch catalyst, 
30 at elevated temperature in a suitable reactor, which is normally a fixed or slurry bed reactor, thereby to obtain a range 
of products, including olefinic monomeric components suitable for use in the polymers of this invention. The products 
from the Fischer-Tropsch reaction must then usually be worked up to obtain individual products such as the olefinic 
monomeric components suitable for use in the polymers of the present invention. 

[0008] By 'conventional olefinic monomeric component 1 is meant any olefinic monomer that is not Fischer Tropsch 

35 derived and that can be used in copolymerization with low carbon number olefins. 

[0009] Thus, the polymers according to this invention may be polymers of ethylene, with at least one Fischer Tropsch 
derived linear alpha olefin or with a mixture of a linear alpha olefin obtained from a Fischer-Tropsch process and any 
other polymerization grade olefinic monomer(s) obtained from other processes, provided that these polymers are ob- 
tained by polymerization of the olefins or monomer(s) in the presence of a metallocene catalyst, or are the product of 

40 reaction of the olefins or monomer(s) in the presence of a metallocene catalyst. 

[0010] The inventors surprisingly discovered that when the olefinic monomers employed in catalyzed polymerization 
as the second monomeric component, are obtained from the Fisher-Tropsch process, the resultant polymers have very 
large domains of fundamental and/or application properties, and may be superior in some of these properties to those 
of polymers in which all the monomers have been obtained by conventional methods. The inventors believe that this 

45 unexpected behavior is due to very small amounts of the other olefinic components present in the Fischer Tropsch 
derived olefinic component and which until now have been regarded as impurities. These other olefinic components 
may be other hydrocarbons having one or more double bonds, whether linear, branched or aromatic, with the exception 
of those which poison the catalyst to the extent that it no longer polymerizes the monomers. The inventors further 
believe that these components may sometimes function to change the polydispersity in the polymers obtained according 

so to this invention, thus Improving the processability of these polymers. These components may selectively and/or par- 
tially and/or temporarily modify the initiation of ethylene polymerization or the insertion of the ethylene in the growing 
chain or the termination of polymerization, thereby changing the distribution of the comonomers in the polymer chain 
and/or the content level of the individual comonomers in the polymer and/or the length of branching of the polymer 
backbone and/or the molecular weight of the polymer and/or its molecular weight distribution, and/or its crystallizable 

55 sequence length and/or its morphology, with any one or more of these being reflected in unexpected application prop- 
erties of the resultant polymers. 

[0011] However, the inventors have also discovered that, for practical applications when the linear alpha olefinic 
monomers employed in the polymerization as the second monomeric component, are obtained from the Fisher-Tropsch 
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process, the proportion of the other olefinic components referred to hereinbefore in the second monomer component 

is preferably within paiiicular iimiis. 

[0012] Thus, the amount of these other olefinic components present in the second monomelic component, when 
obtained from the Fisher-Tropsch process, may be from 0,002% to 2%, more preferably from 0,02% to 2%, and most 
preferably from 0,2% to 2%, based on the total mass of the monomeric component, ie given on a mass or weight basis. 
However it is to be noted that in particular cases the total amount of the other olefinic components in the monomeric 
component may be above the limits hereinbefore set out. 

[0013] The ethylene may also be obtained from the Fischer-Tropsch process. However, due to the process of sep- 
aration and purification involved in obtaining Fischer-Tropsch derived ethylene, polymers containing Fischer-Tropsch 
derived ethylene may, in certain cases, not show any difference to polymers containing ethylene obtained from con- 
ventional processes. 

[0014] The second monomeric component or Fischer Tropsch derived comonomer may be a linear alpha olefin 
having a total number of carbon atoms between 5 and 9, leading thus to different groups of polymers. Typical examples 
of such high carbon number linear alpha olefins are 1-pentene, 1-hexene, 1-heptene, 1-octene and 1-nonene. 
[0015] When the high carbon number linear alpha olefin is 1 -pentene, the other olefinic impurities typically comprise 
mainly: 

2-methyl-1 -butene - up to 0,46%; and/or 
branched olefins having a carbon number of 5; and/or 
Internal olefins having a carbon number of 5; and/or 
cyclic olefins having a carbon number of 5. 

[0016] When the high carbon number linear alpha olefin is 1-hexene, the other olefinic impurities typically comprise 
mainly: 

branched olefins, mainly having a carbon number of 6 - up to 0,51 %; and/or 
internal olefins, mainly having a carton number of 6 - up to 0,1 8%; and/or 
- cyclic olefins, mainly having a carbon number of 6 - up to 0,13%. 

[001 7] When the high carbon number linear olefin is 1 -heptene, the other olefinic impurities typically comprise mainly: 

branched olefins, mainly having a carbon number of 7 - up to 0,48%; and/or 
internal olefins, mainly having a carbon number of 7 - up to 0,53%. 

[0018] When the high carbon number linear alpha olefin is 1-octene, the other olefinic impurities typically comprise 
mainly: 

branched olefins, mainly having a carbon number of 8 - up to 0,41 %; and/or 
internal olefins, mainly having a carbon number of 8 - up to 0,83%. 

[0019] When the high carbon number linear alpha olefin is 1 -nonene, the other olefinic impurities typically comprise 
mainly: 

branched olefins, mainly having a carbon number of 9 - up to 0,65%; and/or 
internal olefins, mainly having a carbon number of 9 - up to 0,51%. 

[0020] More specifically, according to the first aspect of the invention, there is thus provided a polymer of ethylene 
as the first monomeric component, with a high carbon number linear alpha olefin having at least five carbon atoms as 
the second monomeric component and which is obtained from a Fischer-Tropsch process or is Fischer-Tropsch derived, 
with this polymer being obtained by copolymerization In the presence of a metallocene catalyst or being the reaction 
product of ethylene and the second monomeric component which is obtained from a Fischer-Tropsch process or is 
Fischer-Tropsch derived, in the presence of a metallocene catalyst. 

[0021] The ratio of the molar proportion of the ethylene to the molar proportion of the comonomer or second mono- 
meric component which is obtained from a Fischer Tropsch process or is Fischer Tropsch derived may be from 99,9: 
0,1 to 80:20. The preferred ratio of the molar proportion is from 99,9:0, 1 to 90:1 0. The most preferred ratio of the molar 
proportion is from 99,9:0,1 to 95:5. 

[0022] Typical examples of Fischer-Tropsch derived olefins which can be used in the different embodiments of the 
invention are those as hereinbefore described in respect of this aspect of the invention, and which typically have levels 
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of other olefinic components present therein as hereinbefore described. 

[0C23J Thus, in one embodiment of this aspect of the invention, the comonomer or Fischer-Tropsch derived second 

- monomeric.component may comprise from 0,002% to 2%,.by mass, other olefiniacomponents. 

[0024] In another embodiment of this aspect of the invention, it may comprise from 0,02% to 2%, by mass, other 
5 olefinic components. 

[0025] In yet another embodiment of this aspect of the invention, it may comprise from 0,2% to 2%, by mass, other 
olefinic components. 

[0026] In a still further embodiment of this aspect of the invention, it may comprise from 0,2% to in excess of 2%, by 
mass, other olefinic components. 

10 [0027] In particular, the polymer may be that obtained by reacting at least ethylene, with the comonomer or second 
monomeric component which is obtained from a Fischer Tropsch process or is Fischer Tropsch derived in one or more 
reaction zones, while maintaining in the reaction zone(s) a pressure in the range between atmospheric pressure and 
5000kg/cm 2 and a temperature between ambient and 300°C, in the presence of a catalyst or catalyst system comprising 
a catalyst and a cocatalyst. The catalyst may, in particular, be a metallocene catalyst. 

is [0028] The inventors have surprisingly found that in the families of copolymers of ethylene with a high carbon number 
Fischer-Tropsch derived alpha olefin or second monomeric component which is obtained from a Fischer-Tropsch proc- 
ess or is Fischer-Tropsch derived, there can be found particular distinguishable subfamilies of polymers with a large 
range of unexpected properties dependent on the different second comonomers or olefinic components which are 
Fischer-Tropsch derived or obtained from a Fischer-Tropsch process, having different numbers of total carbon atoms, 

20 used. 

[0029] The properties of the polymers in each family and subfamily group are determined mainly by the ratio of the 
proportion of ethylene to that of the second monomeric component which Fischer-Tropsch derived or obtained from a 
Fischer Tropsch process, and the amounts of the other olefinic components contained in the second monomeric com- 
ponent. In this manner, a large range of particular polymers can be obtained, having a large range of application 
2s properties controlled between certain limits. The resultant polymers are suitable for Improved application in the main 
processing fields. Typical applications of the terpolymer include extrusions, blow moulding and injection moulding. 
[0030] The polymer according to the first aspect of the invention for each embodiment hereinbefore described may 
have the following properties: 

30 a) a melt flow rate as measured according to ASTM D 1238 in the range of 0,01 to about 100g/10min; and/or 

b) a density measured according to ASTM D 1505 in the range of about 0,835 to about 0,950. 

[0031] In a first version of each embodiment of this aspect of the invention, the polymer may be that obtained by the 
reaction of ethylene with 1 -pentene 
3s [0032] In a second version of each embodiment of this aspect of the invention, the polymer may be that obtained by 
the reaction of ethylene with 1 -hexene 

[0033] In a third version of each embodiment of this aspect of the Invention, the polymer may be that obtained by 
the reaction of ethylene with 1 -heptene 

[0034] In a fourth version of each embodiment of this aspect of the invention, the polymer may be that obtained by 
40 the reaction of ethylene with 1-octene 

[0035] In a fifth version of each embodiment of this aspect of the invention, the polymer may be that obtained by the 
reaction of ethylene with 1 -nonene. 

[0036] The inventors surprisingly discovered that the copolymers according to this invention are characterized by 
particular rheological properties. 

« [0037] Rheological analysis of the polymers were performed on a Physica MCR-500 rheometer with a parallel plate 
measuring system (25 mm diameter, 1 mm gap), under controlled strain conditions (strain amplitude 1%) at a constant 
temperature forthree particular temperatures (150°C, 160°C, 170°C). The Carreau-Gahleitner parameters of dynamic 
zero shear viscosity 11°, dynamic infinite shear viscosity Ti lnf , characteristic relaxation time a and power exponents b, 
p and n were obtained using the rheology software. 

so [0038] The polymer may thus have a power exponent b which complies with the following equations, namely: 

At 150"C, b > 0.0437[C] + 0.2013 

55 

At 160°C, b S 0.0308[C] + 0.2138 
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At 170°C, b 2 0.0308[C] + 0.2538. 

where b is a Carreau-Gahleitner parameter, and [C] is the high carbon number linear alpha olefin content in mole 
percentage. 

[0039] The polymer may have a power exponent p which complies with the following equations, namely: 
At 150°C, p 2 -1 .2877[C] + 6.8666 
At 160°C, .1233[C] + 6.3942 

At 170-C, p > -1.1507[C] + 6.3063, 

where p is a Carreau-Gahleitner parameter, and [C] is the high carbon number linear alpha olefin content in mole 
percentage. 

The polymer may have a power exponent n which complies with the following equations, namely: 
At 150°C, n > 0.2995[C] - 0.8328 
At 160°C, n 2» 0.301 1[CJ - 0.8435 

At 170°C, n £ 0.2942[C] - 0.81 15 

where n is a Carreau-Gahleitner parameter, and [C] is the high carbon number linear alpha olefin content in mole 
percentage. 

[0040] The polymer may also comply with the following equations, namely: 
At 150°C, 1/MFI > 1.5364e' 1E "° 6,, ° 
At 160"C, 1/MFI S 1 .5486e" 1E ' oe,,, ' 

At 170°C, 1/MFI 5 1.5513e" 1E ' 0S,l ° 
where MFI is the melt flow index and t\° is the dynamic zero shear viscosity. 

[0041] According to a second aspect of the invention, there is provided a process for producing a polymer, which 
comprises reacting at least a first monomeric component comprising ethylene and a second monomeric component 
comprising a high carbon number linear alpha olefin having at least five carbon atoms, and wherein at least one of the 
monomeric components is Fischer-Tropsch derived so that it contains also one or more other olefinic components, in 
one or more reaction zones, while maintaining the reaction zone(s) at a pressure between atmospheric pressure and 
5000kg/cm 2 , and at a temperature between ambient and 300°C, in the presence of a catalyst, or a catalyst system 
comprising a catalyst and a cocatalyst. 

[0042] In a first embodiment of this aspect of the Invention, the high carbon number linear alpha olefin may be added 
at the start of the reaction while the ethylene is added continuously during the course of the reaction. 
[0043] In a second embodiment of this aspect of the invention, the reaction may be effected in a continuous fashion, 
with the ethylene being added continuously, and with the high carbon number linear alpha olefin being added contin- 
uously during the course of the reaction. 

[0044] In a third embodiment of this aspect of the invention, the reaction may be effected in a continuous fashion, 
with the ethylene being added continuously, and with the high carbon number linear alpha olefin being added discon- 
tinuously during the course of the reaction. 
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[0045] In a fourth embodiment of this aspect of the invention, the reaction may be effected in a continuous fashion, 
with the ethylene being added discontinuously. and with the high carbon number linear alpha olefin being added con- 
tinuously during the course of the reaction. 

[0046] According to a third aspect of the invention, there is provided a polymer of ethylene as a first monomelic 
component, with a first high carbon number linear alpha olefin having at least five carbon atoms as a second monomelic 
component and with a second different high carbon number linear alpha olefin having at least four carbon atoms as a 
third monomelic component, with at least one of the monomelic components being Flscher-Tropsch derived so that It 
contains also at least one other olefinic component. 

[0047] In other words, according to the third aspect of the invention, there is provided a polymer which is the reaction 
product of ethylene as a first monomeric component with a first high carbon number linear alpha olefin having at least 
five carbon atoms as a second monomeric component and at least one different high carbon number linear alpha olefin 
having at least four carbon atoms as a third monomeric component, with at least one of the monomeric components 
being Fischer-Tropsch derived. 

[0048] Yet further, according to the third aspect of the invention, there is thus provided a terpolymer of ethylene as 
a first monomeric component with a first high carbon number linear alpha olefin having at least five carbon atoms as 
a second monomeric component and at least one different h igh carbon number linear alpha olefin having at least five 
carbon atoms as a third monomeric component, with at least one of the monomeric components being Fischer-Tropsch 
derived. 

[0049] Still further, according to this aspect of the invention, there is provided a polymer of ethylene with at least two 
different high carbon number linear alpha olefins each having at least four carbon atoms. 

[0050] The ratio of the molar proportion of the ethylene to the sum of the molar proportions of the high carbon number 
linear alpha olefins may be from 99,9:0,1 to 80:20. The preferred ratio of the molar proportions is from 99,9:0,1 to 90: 
10. The most preferred ratio of the molar proportions is from 99,9:0,1 to 95:5. 

[0051] Typical examples of Fischer-Tropsch derived high carbon number olefins which can be used in the different 
embodiments of the invention are those as hereinbefore described in respect of the first aspect of the invention, and 
which typically have levels of other olefinic components present therein as hereinbefore described. 
[0052] Thus, in one embodiment of this aspect of the invention, each Fischer-Tropsch derived monomeric component 
may comprise from 0,002% to 2%, by mass, other olefinic components. 

[0053] In another embodiment of this aspect of the invention, it may comprise from 0,02% to 2%, by mass, other 
olefinic components. 

[0054] In yet another embodiment of this aspect of the invention, it may comprise from 0,2% to 2%, by mass, other 
olefinic components. 

[0055] In a still further embodiment of this aspect of the invention, it may comprise from 0,2% to in excess of 2%, by 
mass, other olefinic components. 

[0056] In particular, the polymer may be that obtained by reacting ethylene, with two or more high carbon number 
linear alpha olefins or components of which at least one is Fischer-Tropsch derived, in one or more reaction zones, 
while maintaining in the reaction zone(s) a pressure in the range between atmospheric pressure and 5000kg/cm 2 and 
a temperature between ambient and 300"C, in the presence of a metallocene catalyst. 

[0057] The inventors have surprisingly found that in the family of terpolymers of ethylene with two or more high 
carbon number linear alpha olefins or components of which at least one is Fischer-Tropsch derived, there can be found 
particular distinguishable groups of polymers with a large range of unexpected properties dependent on the different 
Fischer-Tropsch derived comonomers or monomeric components, having different numbers of total carbon atoms, 

[0058] The properties of the terpolymers in each family and subfamily group are determined mainly by the ratio of 
the proportion of ethylene to the sum of the comonomers or Fischer-Tropsch derived monomeric components, and the 
amounts of the other olefinic components contained in the Fischer-Tropsch derived monomeric components. 
[0059] However the properties are also determined by the ratio of molar proportions of the different high carbon 
number linear alpha olefins of which at least one is Fischer-Tropsch derived. 

[0060] The ratio of the molar proportions of the different high carbon number linear alpha olefins of which at least 
one is Fischer-Tropsch derived may befrom 0,1 :99,9 to 99,9:0.1 , more preferably from 1 :99 to 99: 1 , and more preferably 
from 2:98 to 98:2. 

[0061] In this manner, an even larger range of particular polymers can be obtained than in the first aspect of the 
invention, having a large range of application properties controlled between certain limits. The resultant polymers are 
suitable for improved application in the main processing fields. Typical applications of the terpolymer include extrusions, 
blow moulding and injection moulding. 

[0062] The polymer according to the third aspect of the invention for each embodiment hereinbefore described may 
have the following properties: 
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a) a melt flow rate as measured according to ASTM D 1238 in the range of 0,01 to about 100g/10min; and/or 

b) a density as measured according to ASTM D 1505 in the range of about 0.B35 to about 0,950. 

[0063] In a first version of each embodiment of this aspect of the invention, the polymer may be that obtained by the 
s reaction of ethylene with 1 -pentene and a third different alpha olefin. 

[0064] In a second version of each embodiment of this aspect of the invention, the polymer may be that obtained by 
the reaction of ethylene with 1-hexene and a third different alpha olefin. 

[0065] In a third version of each embodiment of this aspect of the invention, the polymer may be that obtained by 
the reaction of ethylene with 1 -heptene and a third different alpha olefin . 
10 [0066] In a fourth version of each embodiment of this aspect of the invention, the polymer may be that obtained by 
the reaction of ethylene with 1-octene and a third different alpha olefin. 

[0067] In a fifth version of each embodiment of this aspect of the invention , the polymer may be that obtained by the 
reaction of ethylene with 1 -nonene and a third different alpha olefin. 

[0068] The inventors surprisingly discovered that the terpolymers according to this aspect of the invention are char- 
's acterized by particular Theological properties. 

[0069] The terpolymer may have a power exponent b which complies with the following equations: 

At 150°C, b > 0.037[C] + 0.2052 

20 

At 160° C, b > 0.0395[C] + 0.2342 

2S At 170°C, b a 0.0494[C] + 0.2202, 

where b is a Carreau-Gahleitner parameter, and [C] is the high carbon number linear alpha olefin content in mole 
percentage. 

[0070] The terpolymer may have a power exponent p which complies with the following equations: 

30 

At 150°C, p S -0.4075[C] + 3.4135 
35 At 160°C,p> -0.501 6[C] + 3.732 

At 170°C, p 2> -0.9091 [C] + 5.3455 

40 where p is a Carreau-Gahleitner parameter, and [C] is the high carbon number linear alpha olefin content in mole 
percentage. 

[0071] The terpolymer may have a power exponent n which complies with the following equations: 
45 At 150°C, n 2 0.1 69[C] - 0.3439 

At 160°C, n 2 0.1765[C] - 0.4004 

* At 1 70°C, n 2 0.242[C] - 0.6489 

where n is a Carreau-Gahleitner parameter, and [C] is the high carbon number linear alpha olefin content in mole 
percentage. 

ss [0072] The terpolymer may comply with the following equations: 

At 150-C, 1/MFI 2 0.123e 2E " 05r, ° 
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AtlSO'C, 1/MFI i 0.12380* 



2E-05T 



At170°C, 1/MFI S 0.1 275e J 



,2E-05ti' 



where MFI is the melt flow index and t\° is the dynamic zero shear viscosity. 

[0073] The terpolymer according to this aspect of the invention, may be that that obtained by reacting at least eth- 
ylene, the first high carbon number linear alpha olefin and the different high carbon number linear alpha olefin in one 
or more reaction zones, while maintaining the reaction zone(s) at a pressure between atmospheric pressure and 
5000kg/cm 2 , and at a temperature between ambient and 300°C, in the presence of a catalyst, or a catalyst system 
comprising a catalyst and a cocatalyst. 

[0074] The catalyst may, in particular, be a metallocene catalyst. 

[0075] According to a fourth aspect of the invention, there is provided a process for producing a polymer, which 
comprises reacting at least ethylene as a first monomeric component, a first high carbon number linear alpha olefin 
having at least five carbon atoms as a second monomeric component and a different high carbon number linear alpha 
olefin having at least four carbon atoms as third monomeric component, with at least one of the monomeric components 
being Fischer-Tropsch derived so that it contains also one or more other olefinic components, in one or more reaction 
zones, while maintaining the reaction zone(s) at a pressure between atmospheric pressure and 5000kg/cm 2 , and at a 
temperature between ambient and 300°C, in the presence of a catalyst, or a catalyst system comprising a catalyst and 
a cocatalyst. 

[0076] The catalyst may, in particular, be a metallocene catalyst. 

[0077] In a first embodiment of this aspect of the invention, the high carbon number linear alpha olefins may be 
added simultaneously at the start of the reaction, while the ethylene Is added continuously during the course of the 
reaction. 

[0078] In a second embodiment of this aspect of the invention, one of the high carbon number linear alpha olefins 
may be added at the start of the reaction while ethylene is added continuously during the reaction, with a continuous 
or discontinuous supply of the other high carbon number linear alpha olefin being provided, and with no product being 
removed during the reaction. 

[0079] In a third embodiment of this aspect of the invention, the reaction may be effected in a continuous fashion, 
with the ethylene being added continuously, and with the high carbon number linear alpha olefins being added together 
and continuously during the course of the reaction. 

[0080] In a fourth embodiment of this aspect of the invention, the reaction may be effected in a continuous fashion, 
with the ethylene being added continuously, and with the high carbon number linear alpha olefins being added sepa- 
rately and continuously during the course of the reaction. 

[0081] In a fifth embodiment of this aspect of the invention, the reaction may be effected in a continuous fashion, 
with the ethylene being added continuously, and with the high carbon number linear alpha olefins being added together 
but discontinuously during the course of the reaction. 

[0082] In a sixth embodiment of this aspect of the invention, the reaction is effected in a continuous fashion, with the 
ethylene being added continuously, and with the high carbon number linear alpha olefins being added separately and 
discontinuously during the course of the reaction. 

[0083] Any suitable metallocene catalyst for ethylene polymerization can, at least in principle, be used. Examples of 
metallocenes which can be used are Group IV transition metallocenes (titanocenes, zirconocenes, hafnocenes), which 
are characterized by two bulky cyclopentadienyl (Cp) or substituted cyclopentadienyl ligands (Cp) were the substituent 
may be linear or branched alkyl groups, substituted and un-substituted aromatic and cyclic aliphatic groups, metal- 
locenes with two Cp ligands arranged in a chiral array and which may be connected together with chemical bonds by 
a bridging group. The bridging group may be a linear, branched or aromatic or aliphatic carbon containing from 1 to 
50 carbon atoms, germanium or silyl groups substituted with linear or branched alkyl groups, substituted and un- 
substituted aromatic and cyclic aliphatic groups. Table 1 shows a non-limiting list of metallocenes which can in principle 
be used. 



Table 1. 



List of Metallocenes 



Cp2ZrCI 2 

(n-BuCp) 2 ZrCI 2 

(t-BuCp)2ZrCI 2 



(Me 2 Cp) 2 ZrMe 2 
(Me 5 Cp) 2 ZrMe 2 
Cp 2 ZrCIMe 
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Table 1 . (continued) 



List of Metallocenes 


(i-BuCpJ-jZrClj, 


(n-BuCp)aZrCIMe 


(n-Bu 2 Cp)2ZrCI 2 


(t-BuCp) 2 ZrCIMe 


(t-Bu 2 Cp) 2 2rCI 2 


(i-BuCp) 2 ZrCIMe 


(i-Bu 2 Cp)2ZrCI 2 


(n-Bu 2 Cp) 2 ZrCIMe 


(n-Bu 5 Cp)2ZrCI 2 


(t-BuaCpJaZrCIMe 


(t-Bu 5 Cp)2ZrCl2 


(i-Bu 2 Cp)2ZrCIMe 


(i-Bu 5 Cp)2ZrCI 2 


(n-Bu s Cp) 2 ZrC!Me 


(n-PrCp)2ZrCI 2 


(t-BUgCpJaZrCIMe 


(t-PrCp) 2 ZrCI 2 


(i-Bu 5 Cp)2ZrCIMe 


(i-PiCp) 2 ZrCl2 


(n-PrCpJaZrCIMe 


(n-Pr 2 Cp) 2 ZrCI 2 


(t-PrCpJaZrCIMe 


(t-Pr 2 Cp)2ZrCI 2 


(i-PrCp)2ZrCIMe 


(i-PraCpJaZrCIa 


(n-Pr 2 Cp)2ZrCIMe 


(n-Pr 5 Cp) 2 ZrCl2 


(t-Pr 2 Cp) 2 ZrCIMe 


(t-Pr 5 Cp)2ZrCI 2 


(i-Pr 2 Cp) 2 ZrCIMe 


(i-Pr 5 Cp) 2 ZrCI 2 


(n-Pr s Cp)2ZrCIMe 


(PhCp) 2 ZrCI 2 


(t-Pr 5 Cp) 2 ZrCIMe 


(Ph 2 Cp)2ZrCI 2 


(i-Pr s Cp) 2 ZrCIMe 


(MeCp) 2 ZrCI 2 


(PhCp)aZrCIMe 


(MeaCpJaZrCIa 


(Ph 2 Cp) 2 ZrCIMe 


(Me 5 Cp)2ZrCI 2 


(MeCp) 2 ZrCIMe 


Cp 2 ZrMe 2 


(Me 2 Cp)2ZrCIMe 


(n-BuCp) 2 ZrMe 2 


(Me 5 Cp) 2 ZrCIMe 


(t-BuCp)2ZrMe 2 


Cp 2 TiCI 2 


(i-BuCp) 2 ZrMe 2 


(n-BuCp) 2 TiCI 2 


(n-Bu 2 Cp)2ZrMe 2 


(t-BuCp) 2 TiCI 2 


(t-Bu 2 Cp)2ZrMe 2 


(i-BuCp) 2 TiCI 2 


(i-BUaCpJaZrMea 


(n-Bu 2 Cp) 2 TiCI 2 


(n-BusCpJ^rMea 


(t-Bu 2 Cp) 2 TiCI 2 


(t-Bu 5 Cp)aZrMea 


(i-BuaCp)aTiCla 


(i-Bu 5 Cp)aZrMe 2 


(n-Bu s Cp)aTiCla 


(n-PrCp) 2 ZrMe 2 


(t-Bu 5 Cp) 2 TiCI 2 


(t-PrCp) 2 ZrMe 2 


(i-Bu 5 Cp) 2 TiCI 2 


(i-PrCp) 2 ZrMe 2 


<n-PrCp) 2 TiCI 2 


(n-Pr 2 Cp) 2 Zrtv1e 2 


(t-PrCp) 2 TiCI 2 


(t-Pr 2 Cp) 2 ZrMe 2 


(i-PrCp) 2 TiCla 


(i-Pr 2 Cp) 2 ZrMe 2 


(n-Pr 2 Cp)aTiCI 2 


(n-Pr s Cp) 2 ZnVle 2 


(t-Pr 2 Cp) 2 TiCI 2 


(t-Pr 5 Cp)2ZrMe 2 


(i-Pr 2 c P ) 2 -nci 2 


(i-Pr 5 Cp)aZrMe 2 


(n-Pr 5 Cp) 2 TiCI 2 


(PhCp) 2 ZrMe 2 


(t-Pr s Cp) 2 TiCI 2 


(PhaCpJaZrMea 


(i-Pr 5 Cp) 2 TiCI 2 


(MeCp) a ZrMe a 


(PhCp) 2 TiCI 2 


(Ph 2 Cp) 2 TiCI 2 


(t-Pr 5 Cp) 2 TiCIMe 


(MeCp) 2 TiCI 2 


(i-Pr s Cp) 2 TiCIMe 


(Me 2 Cp) 2 TiCI 2 


(PhCp) 2 TiCIMe 


(Me s Cp) 2 TiCI 2 


(Ph 2 Cp) 2 TiCIMe 


Cp 2 TiMe 2 


(MeCp) 2 TiCIMe 


(n-BuCp) 2 TiMe 2 


<Me 2 Cp) 2 TiCIMe 


(t-BuCp) 2 TiMe 2 


(Me 5 Cp) 2 TiCIMe 
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Table 1 . (continued) 



List of Metallocenes 


(i-BuCp) 2 TiMe2 


Cp 2 HfCI 2 


(n-Bu 2 Cp) 2 TiMe 2 


(n-BuCp) 2 HfCI 2 


(t-Bu 2 Cp) 2 TiMe 2 


(t-BuCp) 2 HfCI 2 


(i-Bu 2 Cp) 2 TiMe 2 


(i-BuCp^HfCIa 


(n-Bu s Cp) 2 TiMe 2 


(n-Bu 2 Cp) 2 HfCl2 


(t-Bu 5 Cp) 2 TiMe 2 


(t-Bu 2 Cp) 2 HfC! 2 


(i-Bu 5 Cp) 2 TiMe 2 


(i-Bu 2 Cp) 2 HfCI 2 


(n-PrCp) 2 TiMe 2 


(n-Bu s Cp) 2 HfCI 2 


(t-PrCp) 2 TiMe 2 


(t-Bu s Cp) 2 HfCI 2 


(i-PrCp) 2 TiMe 2 


(i-Bu 5 Cp) 2 HfCI 2 


(n-Pr 2 Cp) 2 TiMe 2 


(n-PrCp) 2 HfCI 2 


(t-Pr 2 Cp) 2 TiMe 2 


(t-PrCp) 2 HfCl2 


(i-Pr 2 Cp) 2 TiMe 2 


(i-PrCp) 2 HfCl2 


(n-Pr 5 Cp) 2 TiMe 2 


(n-Pr 2 Cp) 2 HfCI 2 


(t-Pr 5 Cp) 2 TiMe 2 


(t-PraCp^HfCla 


(i-Pr 5 Cp) 2 TiMe 2 


(i-Pr 2 Cp) 2 HfCI 2 


(PhCp) 2 TiMe 2 


(n-Pr 5 Cp) 2 HfCI 2 


(Ph 2 Cp) 2 TiMe 2 


(t-Pr s Cp) 2 HfCl2 


(MeCp) 2 TiMe 2 


(i-Pr 5 Cp) 2 HfCI 2 


(Me 2 Cp) 2 TiMe 2 


(PhCp) 2 HfCI 2 


(Me 5 Cp) 2 TIMe 2 


(Ph 2 Cp) 2 HfCI 2 


Cp 2 TiCIMe 


(MeCp) 2 HfCI 2 


(n-BuCp) 2 TiCIMe 


(Me 2 Cp) 2 HfCI 2 


(t-BuCp) 2 TiCIMe 


(Me 5 Cp) 2 HfCI 2 


(i-BuCp) 2 TiCIMe 


Cp 2 HfMe2 


(n-Bu 2 Cp) 2 TiCIMe 


(n-BuCp) 2 HfMe 2 


(t-Bu 2 Cp) 2 TiCIMe 


(t-BuCp) 2 HfMe 2 


(i-Bu 2 Cp) 2 TiCIMe 


(i-BuCp) 2 HfMe 2 


(n-Bu 5 Cp) 2 TiCIMe 


(n-Bu 2 Cp) 2 HfMe 2 


(t-Bu 5 Cp) 2 TiCIMe 


(t-Bu 2 Cp) 2 HfMe 2 


(i-Bu 5 Cp) 2 TiCIMe 


(i-Bu 2 Cp) 2 HfMe 2 


(n-PrCp) 2 TiCIMe 


(n-Bu 5 Cp) 2 HfMe 2 


(t-PtCp) 2 TiCIMe 


(t-Bu 5 Cp) 2 HfMe 2 


(i-PrCp) 2 TiCIMe 


(i-Bu 5 Cp) 2 HfMe 2 


(n-Pr 2 Cp) 2 TiCIMe 


(n-PrCp) 2 HfMe 2 


(t-Pr 2 Cp) 2 TiCIMe 


(t-PrCp) 2 HfMe 2 


(i-Pr 2 Cp) 2 TiCIMe 


(i-PrCp) 2 HfMe 2 


(n-Pr 5 Cp) 2 TiCIMe 


(n-Pr 2 Cp) 2 HfMe 2 


(t-Pr 2 Cp) 2 HfMe 2 


[0(SiMe 2 Cp) 2 ]TiCI 2 


(i-Pr 2 Cp) 2 HfMe 2 


[0(SiMe 2 t-BuCp) 2 ]TiCI 2 


(n-Pr s Cp) 2 HfMe 2 


lnd 2 HfCI 2 


(t-Pr 5 Cp) 2 HfMe 2 


(2-Melnd) 2 HfCI 2 


(i-Pr s Cp) 2 HfMe 2 


(neomenthylCp) 2 HfCI 2 


(PhCp) 2 HfMe 2 


(C 5 Me 4 Et) 2 HfCI 2 


(Ph 2 Cp) 2 HfMe 2 


[0(SiMe 2 Cp) 2 ]HfCI 2 


(MeCp) 2 HfMe 2 


[0(SiMe 2 t-BuCp) 2 ]HfCI 2 


(Me 2 Cp) 2 HfMe 2 


Ind-jZrCIMe 


(Me 5 Cp) 2 HfMe 2 


(2-Melnd) 2 2rCIMe 


Cp 2 HfCIMe 


(neomenthylCp) 2 ZrCIMe 


(n-BuCp) 2 HfCIMe 


(C 5 Me 4 Et)2ZrCIMe 
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Table 1 . (continued) 



List of Metaiiocenes 


(t-BuCp) 2 HfCIMe 


[0(SiMe2Cp) 2 ]ZrCIMe 


(i-BuCp) 2 HfC!Me 


[0(SiMe 2 t-BuCp) 2 ]ZrCIMe 


(n-Bu 2 Cp) 2 HfCIMe 


IndaTiCIMe 


(t-Bu 2 Cp) 2 HfCIMe 


(2-Melnd) 2 7iCIMe 


(i-Bu 2 Cp) 2 HfCIMe 


(neomenthylCp^TiCiMe 


(n-Bu s Cp) 2 HfCIMe 


(C 5 Me 4 Et) 2 TiCIMe 


(t-Bu s Cp)2HfCIMe 


[0(SiMe 2 Cp) 2 JTiCIMe 


(i-Bu 5 Cp) 2 HfCIMe 


[0(SiMe 2 t-BuCpJaJTiCIMe 


(n-PrCp) 2 HfClMe 


IndaHfCIMe 


(t-PrCp) 2 HfCIMe 


(2-Melnd) 2 HfCIMe 


(i-PrCp) 2 HfCIMe 


(neomenthylCp) 2 HfCIMe 


(n-Pr 2 Cp) 2 HfCIMe 


(C 5 Me 4 Et) 2 HfCIMe 


(t-Pr 2 Cp) 2 HfCIMe 


[0(SiMe2Cp) 2 ]HfCIMe 


(i-Pr 2 Cp) 2 HfCIMe 


[0(SiMe 2 t-BuCp) 2 ]HfCIMe 


(n-Pr 5 Cp) 2 HfCIMe 


lnd 2 ZrMe 2 


(t-Pr 5 Cp) 2 HfCIMe 


(2-Melnd) 2 ZrMe 2 


(i-Pr 5 Cp) 2 HfCIMe 


(neomenthylCpJaZrMea 


(PhCp) 2 HfCIMe 


(C 5 Me 4 Et)2ZrMe 2 


(Ph 2 Cp) 2 HfCIMe 


[0(SiMe 2 Cp) 2 ]ZrMe 2 


(MeCp) 2 HfCIMe 


[0(SiMe 2 t-BuCp)2]ZrMe 2 


(Me 2 Cp) 2 HfCIMe 


lnd 2 TiMe 2 


(Me 5 Cp) 2 HfCIMe 


(2-Melnd) 2 TiMe 2 


lnd 2 ZrCI 2 


(neomenthylCp) 2 TiMe 2 


(2-Melnd) 2 ZrCI 2 


(C 5 Me 4 Et) 2 TiMe 2 


(neomenthylCp) 2 ZrCI 2 


[0(SiMe 2 Cp) 2 ]TiMe 2 


(C s Me 4 Et) 2 ZrCI 2 


[0(SiMe 2 t-BuCp) 2 ]TiMe 2 


[0(SIMe 2 Cp) 2 ]ZrCI 2 


lnd 2 HfMe 2 


[0(SiMe 2 t-BuCp) 2 ]ZrCI 2 


(2-Melnd) 2 HfMe 2 


lnd 2 TiCI 2 


(neomenthylCp) 2 HfMe 2 


(2-Melnd) 2 TICI 2 


(C 5 Me 4 Et) 2 HfMe 2 


(neomenthylCp) 2 TiCI 2 


[0(SiMe 2 Cp) 2 ]HfMe 2 


(C s Me 4 Et) 2 TiCI 2 


[0(SIMe 2 t-BuCp) 2 ]HfMe 2 


[En(lnd) 2 JZrCI 2 


[Me 2 Si(lndFlu)]HfCI 2 


[En(lnd) 2 ]HfCI 2 


[Me 2 Si(lndFlu)]TiCI 2 


[En(lnd) 2 ]TiCI 2 


[Me 2 Si(lndFlu)]ZnVe2 


[En(lnd) 2 ]ZrMe 2 


[Me 2 Si(lndFlu)]HfMe 2 


[En(lnd) 2 ]HfMe 2 


[Me 2 Si(lndFlu)]TiMe 2 


[En(lnd) 2 ]TiMe 2 


[Me 2 Si(lndFlu)]ZrCIMe 


[En(lnd) 2 ]ZrCIMe 


[Me 2 Si(lndFlu)]HfCIMe 


[En(lnd) 2 ]HfCIMe 


[Me 2 Si(lndFlu)]TiCIMe 


[En(lnd) 2 ]TiCIMe 


[Bz 2 Si(lndFlu)]ZiCI 2 


[Me 2 Si(lnd) 2 ]ZrCI 2 


[Bz 2 Si(lndFlu)]HfCI 2 


[Me 2 Si(lnd) 2 ]HfCI 2 


[Bz 2 Si(lndFlu)]TiCl2 


[Me 2 Si(lnd) 2 ]TiCI 2 


[Bz 2 Si(lndFlu)]ZrMe 2 


[Me z Si(lnd) 2 ]ZrMe 2 


[Bz 2 Si(lndFlu)]HfMe 2 


[Me 2 Si(lnd) 2 ]HfMe 2 


[Bz 2 Si(lndFlu)]TiMe 2 


[Me 2 Si(lnd) 2 ]TiMe 2 


[Bz 2 Si(lndFlu)]ZrCIMe 


[Me 2 Si(lnd) 2 ]ZrCIMe 


[Bz 2 Si(lndFlu)]HfCIMe 


[Me 2 Si(lnd) 2 ]HfCIMe 


[Bz2Si(lndFlu)]TiCIMe 


[Me 2 Si(lnd) 2 ]TiCIMe 


[Bimethyl Naphtyl(lndFlu)]ZrCI 2 



Copied from i 05^3760 on .10/07/2009 



EP1 23122§A1 



Table 1 . (continued) 



List of Metallocenes 


[Bz 2 Si(lnd)2]ZrCI 2 


[Bimethyl NaphtyKlndFluJJHfC^ 


[Bz 2 Si(lnd) 2 ]HfCl2 


[Bimethyl Naphtyl(lndFlu)ITlCI 2 


[Bz 2 Si(lnd) 2 ]TiCI 2 


[Bimethyl Naphtyl(lndFlu)]ZrMe 2 


[Bz 2 Si(lnd)2]ZrMe 2 


[Bimethyl Naphtyl(lndFlu)]HfMe 2 


[BzjSiflnd^HfMea 


[Bimethyl Naphtyl(lndFlu)]TiMe 2 


[Bz 2 Si(lnd) 2 ]TiMe 2 


[Bimethyl Naphtyl(lndFlu)]ZrCIMe 


[Bz 2 Si(lnd)2]ZrCIMe 


[Bimethyl Naphtyl(lndFlu)]HfCIMe 


[Bz 2 Si(lnd) 2 ]HfCIMe 


[Bimethyl Naphtyl(lndFlu)]TICIMe 


[Bz 2 Si(lnd) 2 TTiCIMe 


[En(BenzlndFlu)]ZrCl2 


[Bimethyl Naphtyl(lnd) 2 ]ZrCI 2 


[En(BenzlndFlu)]HtCI 2 


[Bimethyl Naphtyl(lnd) 2 ]HfCl2 


[En(BenzlndFlu)]TiCI 2 


[Bimethyl Naphtyl(lnd) 2 TTiCI 2 


[En(BenzlndFlu)]ZrMe 2 ! 


[Bimethyl Naphtyl(lnd) 2 ]ZnVle 2 


[En(BenzlndFlu)]HfMe 2 


[Bimethyl Naphtyl(lnd) 2 ]HfMe 2 


[En(BenzlndFlu)]nMe 2 


[Bimethyl Naphtyl(lnd) 2 ]TiMe 2 


[En(BenzlndFlu)]ZrCIMe 


[Bimethyl Naphtyl(lnd) 2 ]ZrCIMe 


[En(BenzlndFlu)]HfCIMe 


[Bimethyl Naphtyl(lnd) 2 ]HfCIMe 


[En(BenzlndFlu)]TiCIMe 


[Bimethyl Naphtyl(lnd) 2 TTiCIMe 


[Me 2 Si(BenzlndFlu)]ZrCI 2 


[En(lndFlu)]ZrCI 2 


[MeaSKBenzlndFluJHfCIa 


[En(lndRu)]HfCI 2 


[MeaSKBenzlndFluJlTiCIa 


[En(lndFlu)]TiCI 2 


[Me 2 Si(BenzlndFlu)]ZrMe 2 


[En(lndFlu)]ZrMe a 


[Me 2 Si(BenzlndFlu)]HfMe 2 


[En(lndFlu)]HfMe 2 


[Me 2 Si(BenzlndFlu)]TiMe 2 


[En(lndFlu)]TiMe 2 


[Me 2 Si(BenzlndFlu)]ZrCIMe 


[En(lndFlu)]ZrCIMe 


[Me 2 Si(BenzlndFlu)]HfCIMe 


[En(lndFlu)]HfCIMe 


[Me 2 Si(BenzlndFlu)]TiCIMe 


[En(lndFlu)]TiCIMe 


[Bz 2 Si(BenzlndFlu)]ZrCI 2 


[Me 2 Si(lndFlu)]ZrCI 2 


[Bz 2 Si(BenzlndFlu)]HfCl2 


[Bz 2 Si(BenzlndFlu)]TiCI 2 


[Bimethyl Naphtyl(lndCp)]ZrMe2 


[Bz 2 Si(BenzlndFlu)]ZrMe 2 


[Bimethyl Naphtyl(lndCp)]HfMe 2 


[Bz 2 Si(BenzlndFlu)]HfMe 2 


[Bimethyl Naphtyl(lndCp)]TiMe 2 


[Bz 2 Si(BenzlndFlu)]TiMe 2 


[Bimethyl Naphtyl(lndCp)]ZrCIMe 


[Bz 2 Si(BenzlndFlu)]ZrCIMe 


[Bimethyl Naphtyl(lndCp)]HfCIMe 


[Bz 2 Si(BenzlndFlu)]HfCIMe 


[Bimethyl Naphtyl(lndCp)]TiCiMe 


[Bz 2 Si(BenzlndFlu)]TiCIMe 


[En(FluCp)]ZrCI 2 


[Bimethyl Naphtyl(BenzlndFlu)]ZrCI 2 


[En(FluCp)]HfCI 2 


[Bimethyl Naphtyl(BenzlndFlu)]HfCI 2 


[En(FluCp)]TiCI 2 


[Bimethyl Naphtyl(BenzlndFlu)]TiCI 2 


[En(FluCp)]ZrMe 2 


[Bimethyl 


[En(FluCp)]HfMe 2 


Naphtyl(BenzlndFlu)]ZrMe 2 


[En(FluCp)]TiMe 2 


[Bimethyl 


[En(FluCp)]ZrCIMe 


Naphtyl(BenzlndFlu)]HfMe 2 


[En(FluCp)]HfCIMe 


[Bimethyl 


[En(FluCp)]TiCIMe 


Naphtyl(BenzlndFlu)]TiMe 2 


[Me 2 Si(FluCp)]ZrCI 2 


[Bimethyl 


[Me 2 Si(FluCp)]HfCI 2 


Naphtyl(BenzlndFlu)]ZrCIMe 


[Me 2 Si(FluCp)]TiCI 2 


[Bimethyl 


[Me 2 Si(FluCp)]ZrMe 2 


Naphtyl(BenzlndFlu)]HfCIMe 


[Me 2 Si(FluCp)]HfMe 2 


[Bimethyl 


[Me 2 Si(FluCp)]TiMe 2 


N aphtyl(Benzl nd Flu)]TiCI Me 


[Me 2 Si(FluCp)]ZrCIMe 
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Table 1 . (continued) 



List of Metallocenes 


[En(lndCp)]ZrCI 2 


[Me 2 Si(FluCp)]HfCIMe 


[En(lndCp)]HfCl2 


[Me 2 Si(FiuCp)]TiCIMe 


[En(lndCp)TTiCI 2 


[Bz 2 Si(FluCp)]ZrCI 2 


[En(lndCp)]ZrMe 2 


[Bz2SI(FluCp)]HfCI 2 


[En(lndCp)]HfMe 2 


[BZaSHFIuCpJTTiCIa 


[En(lndCp)rnMe 2 


[Bz 2 Si(FluCp)]ZrMe 2 


[En(lndCp)]ZrCIMe 


[BZ2Si(FluCp)]HfMe 2 


[En(lndCp)]HfCIMe 


[Bz 2 SI(FluCp)]TiMe2 


[En(lndCp)TTiCIMe 


[Bz 2 Si(FluCp)]ZrCIMe 


[Me 2 Si(lndCp)]ZrCI 2 


[Bz 2 Si(FluCp)]HfCIMe 


[Me 2 Si(lndCp)]HfCl2 


[BzaSitRuCpJJTiCIMe 


[Me 2 Si(lndCp)]TiCI 2 


[Bimethyl Naphtyl(FluCp)]ZfCl2 [ 


[Me 2 Si(lndCp)]ZrMe 2 


[Bimethyl Naphtyl(FluCp)]HfCI 2 


[Me 2 Si(lndCp)]HfMe 2 


[Bimethyl NaphtyKFIuCpJTTiCIa 


[Me 2 Si(lndCp)]TiMe 2 


[Bimethyl Naphtyl(FluCp)]ZnMe 2 


[Me 2 Si(lndCp)]ZrCIMe 


[Bimethyl Naphtyl(FluCp)]HfMe 2 


[Me 2 Si(lndCp)]HfCIMe 


[Bimethyl Naphtyl(FluCp)TTiMe 2 


[Me 2 Si(lndCp)]TiCIMe 


[Bimethyl Naphtyl(FluCp)]ZrCIMe 


[Bz 2 Si(lndCp)]ZrCI 2 


[Bimethyl Naphtyl(FluCp)]HfCIMe 


[Bz 2 Si(lndCp)]HfCI 2 


[Bimethyl Naphtyl(FluCp)TTiCIMe 


[Bz 2 Si(lndCp)]TiCI 2 


[En(lndH 4 ) 2 ]ZrCI 2 


[Bz 2 Si(lndCp)]ZrMe 2 


[En(lndH 4 ) 2 ]HfCI 2 


[Bz 2 Si(lndCp)]HfMe 2 


[En(lndH 4 ) 2 ]TiCI 2 


[Bz 2 Si(lndCp)]TiMe 2 


[En(lndH 4 ) 2 ]ZrMe 2 


[Bz 2 Si(lndCp)]ZrCIMe 


[Me 2 Si(Flu) 2 TTiMe 2 


[Bz 2 Si(lndCp)]HfCIMe 


[Me 2 Si(Flu) 2 ]ZrCIMe 


[Bz 2 Si(lndCp)]TiCIMe 


[Me 2 Si(Flu) 2 ]HfCIMe 


[Bimethyl Naphtyl(lndCp)]ZrCI 2 


[Me 2 Si(Flu) 2 TTiCIMe 


[Bimethyl Naphtyl(lndCp)]HfCI 2 


[Bz 2 Si(Flu)2]ZrCI 2 


[Bimethyl Naphtyl(lndCp)]TiCI 2 


[Bz 2 Si(Flu) 2 ]HfCI 2 


[En(lndH 4 )2]HfMe 2 


[Bz 2 Si(Flu) 2 ]TiCI 2 


[En(lndH4) 2 ]TiMe 2 


[Bz 2 Si(Flu) 2 ]ZrMe 2 


[EnflndH^JZrCIMe 


[Bz 2 Si(Flu) 2 ]HfMe 2 


[EntlndH^lHfCIMe 


[Bz 2 Si(Flu) 2 ]TiMe 2 


[EnClndH^TiCIMe 


[Bz 2 Si(Flu)2]ZrCIMe 


[Bz 2 Si(lndH 4 ) 2 ]ZrCI 2 


[Bz 2 Si(Flu) 2 ]HfCIMe 


[Bz 2 Si(lndH 4 ) 2 ]HfCI 2 


[Bz 2 Si(Flu)2]TiCIMe 


[Bz 2 Si(lndH 4 ) 2 ]TiCI 2 


[Bimethyl Naphtyl(Flu) 2 ]ZrCI 2 


[Bz 2 Si(lndH 4 ) 2 ]ZrMe 2 


[Bimethyl Naphtyl(Flu) 2 ]HfCI 2 


[Bz 2 Si(lndH 4 ) 2 ]HfMe 2 


[Bimethyl Naphtyl(Flu) 2 TTiCI 2 


[Bz 2 Si(lndH 4 ) 2 ]TiMe 2 


[Bimethyl Naphtyl(Flu) 2 ]ZrMe 2 


[Bz 2 Si(lndH 4 ) 2 ]ZrCIMe 


[Bimethyl Naphtyl(Flu) 2 ]HfMe 2 


[Bz 2 Si(lndH 4 ) 2 ]HfCIMe 


[Bimethyl Naphtyl(Flu) 2 JTiMe 2 


[Bz 2 Si(lndH 4 ) 2 ]TiCIMe 


[Bimethyl Naphtyl(Flu) 2 ]ZrCIMe 


[Me 2 Si(lndH 4 ) 2 ]ZrCI 2 


[Bimethyl Naphtyl(Flu) 2 ]HfCIMe 


[Me 2 Si(lndH 4 ) 2 ]HfCI 2 


[Bimethyl Naphtyl(Flu) 2 TTiCIMe 


[Me 2 Si(lndH 4 ) 2 rnCI 2 


[En(2,4,7 Meglnd^rCIa 


[Me 2 Si(lndH 4 ) 2 ]ZrMe 2 


[En(lndH 4 ) 2 ]ZrCI 2 


[Me 2 Si(lndH 4 ) 2 ]HfMe 2 


[Me 2 Si (2,4,7 Me 3 lnd)2ZrCI 2 


[Me 2 Si(lndH 4 ) 2 ]TiMe 2 


[Me 2 Si (lndH 4 ) 2 ]ZrCI 2 
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List of Metallocenes 

[MeaSidndH^JZrCIMe 

[Me 2 Si(lndH 4 ) 2 ]HfCIMe 

[Me 2 Si(lndH 4 ) 2 TTiCIMe 

[Bimethyl Naphtyl(lndH4) 2 ]ZrCI 2 

[Bimethyl NaphtyKlndH^JHfClj, 

[Bimethyl NaphtyKlndH^gJTiClg 

[Bimethyl NaphtyKlndH^jJZrMeg 

[Bimethyl Naphtyl(lndH 4 ) 2 ]HfMe 2 

[Bimethyl Naphtyl(lndH4) 2 ITiMe 2 

[Bimethyl Naphtyl(lndH 4 ) 2 ]ZrCIMe 

[Bimethyl Naphtyl(lndH 4 ) 2 ]HfCIMe 

[Bimethyl Naphtyl(lndH 4 ) 2 ]TiCIMe 

[En(Flu) 2 ]ZrCI 2 

[En(Flu) 2 ]HfCI 2 

[En(Flu) 2 TTiCI 2 

[En(Flu) 2 ]ZnVle 2 

[En(Flu) 2 ]HfMe 2 

[En(Flu) 2 ITlMe 2 

[En(Flu) 2 ]ZrCIMe 

[En(Flu) 2 ]HfCIMe 

[En(Flu) 2 TTiCIMe 

[Me 2 Si(Flu) 2 ]ZrCI 2 

[Me 2 Si(Flu) 2 ]HfCI 2 

[Me 2 Si(Flu) 2 ]TiCI 2 

[Me 2 Si(Flu) 2 ]ZrMe 2 

[Me 2 Si(Flu) 2 ]HfMe 2 

Me^iClndH^gZrCIa 

Me 2 Si(2-Melnd) 2 ZrCI 2 

Me 2 Si(2-Me-4-iPrlnd) 2 ZrCl2 

Me 2 Si (2,4-Me 2 Cp) 2 ZrCI 2 

Me 2 Si(2-Me-4-tBuCp) 2 ZrCI 2 

Me 2 Si(2-Me-4,5 Benzlnd^rC^ 

M e 2 Si(2-Me-4-Phlnd)2ZiCl2 

Me 2 Ge(2-Me-4-Phlnd)2ZrCI 2 

Me 2 Si(2-Me-4-naphthlnd)2ZrCI 2 

Bz 2 Si(lnd)2ZrCI 2 

Bz 2 Si(lndH 4 ) 2 ZrCI 2 

B2 2 Si(2-Melnd)2ZrCI 2 

Bz 2 Si(2-Me-4-iPrlnd) 2 ZrCI 2 

Bz 2 Si (2,4-Me 2 Cp) .^rCIj, 

Bz 2 Si(2-Me-4-tBuCp) 2 ZrCI 2 

Bz 2 Si(2-Me-4,5 Benzlnd) 2 ZrCI 2 

Bz 2 Si(2-Me-4-Phlnd)2ZrCI 2 

Bz 2 Ge(2-Me-4-Phlnd) 2 ZrCI 2 

Bz 2 Si(2-Me-4-naphthlnd) 2 ZrCI 2 

Et(lndH 4 ) 2 ZrCI 2 

Et(2-Melnd) 2 ZrCI 2 

Et(2-Me-4-iPrlnd) 2 ZrCl2 

Et(2,4-Me 2 Cp) 2 ZrCI 2 

Et(2-Me-4-tBuCp)gZrCI 2 



[Me 2 Si(lnd)2]ZrCI 2 

[Ph 2 Si(lnd) 2 ]ZrCI 2 

[Bz 2 Si(lnd) 2 ]ZrCI 2 

[Me 2 Si(2,4,7 Me-3-lnd) 2 ZrCI 2 

[Me 2 Si(lndH 4 ) 2 ]ZrCI 2 

[Me 2 Si(2-Me-4,6-i-Prtnd) 2 ]ZrCI 2 

[Me 2 Si(2Me 4Phlnd)2]ZrCI 2 

[Me 2 Si(2Me4,4Benzo lnd) 2 ]ZrCI 2 

[Me 2 Si(2,4,7 Me-3-lnd) 2 ZrCl2 

[BzgSitlndH^JZrClz 

[Bz 2 Si(2-Me-4,6-i-Prind) 2 ]ZrCI 2 

[Bz 2 Si(2Me 4Phlnd) 2 ]ZrCI 2 

[Bz 2 Si(2Me4,4Benzolnd)2]ZrCI 2 

[Ph 2 C(lnd)(Cp)]ZrCI 2 

[Me 2 C(lnd)(Cp)]ZrCI 2 

[Me 2 C(lnd)(3-MeCp)]ZrCl2 

[Ph 2 C(Flu)(Cp)]ZrCI 2 

[Me 2 C(Flu)(Cp)]ZrCI 2 

[Me 2 C(Flu)(Cp)]HfCI 2 

Ettlnd^rClg 

Me 2 Si(lnd)2ZrCI 2 

[Me 2 Si(2-Me-4,6-i-Prlnd) 2 ]TiCI 2 

[Me 2 Si(2Me 4Phlnd) 2 ]TiCI 2 

[Me 2 Si(2Me4,4Benzolnd) 2 ]TiCI 2 

[Me 2 Si(2,4,7 Me-3-lnd) 2 TiCI 2 

[BZaSitlndH^alTiCIa 

[Bz 2 Si(2-Me-4,6-i-Prlnd) 2 ]TiCI 2 

[Bz 2 Si(2Me 4Phlnd) 2 ]TiCI 2 

[Bz 2 Si(2Me4,4Benzolnd) 2 JTiCI 2 

[Ph 2 C(lnd)(Cp)]TiCI 2 

[Me 2 C(lnd)(Cp)JTiCI 2 

[Me 2 C(lnd)(3-MeCp)]TiCI 2 

[PhjCfFluKCpHTiClj, 

[Me 2 C(Flu)(Cp)]TiCI 2 

[Me 2 C(Flu)(Cp)]HfCI 2 

Et(lnd) 2 TiCI 2 

Me 2 Si(lnd) 2 TiCI 2 

Me 2 Si(lndH 4 ) 2 TlCI 2 

Me 2 Si(2-Melnd) 2 TiCI 2 

Me 2 Si(2-Me-4-iPrlnd) 2 TiCI 2 

Me 2 Si (2,4-Me 2 Cp) 2 TiCI 2 

Me 2 Si(2-Me-4-tBuCp) 2 TiCI 2 

Me 2 Si(2-Me-4,5 Benzlnd) 2 TiCI 2 

Me 2 Si(2-Me-4-Phlnd) 2 TiCI 2 

Me 2 Ge(2-Me-4-Phlnd) 2 TiCI 2 

Me 2 Si(2-Me-4-naphthlnd) 2 TiCI 2 

Bz 2 Si(lnd) 2 TiCI 2 

BzaSKIndH^aTiC^ 

Bz 2 Si(2-Melnd) 2 TiCI 2 

Bz 2 Si(2-Me-4-iPrlnd) 2 TiCI 2 
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Table 1 . (continued) 



List of Metallocenes 


Et(2-Me-4,5 Benzlnd)aZrCla 


Bz 2 Si (2,4-Mea Cp) 2 TiCI 2 


Et(2-Me-4-Phlnd) a ZiCl2 


Bz 2 Si(2-Me-4-tBuCp) 2 TiClj, 


Et(2-Me-4-Phlnd) 2 ZrCl2 


Bz 2 Si(2-Me-4,5 BenzlndkTiCI-, 


Et(2-Me-4-naphthlnd)2ZrCI 2 


Bz2Si(2-Me-4-Phlnd) 2 TiCI 2 


Et(lnd) 2 ZrCla 


Bz 2 Ge(2-Me-4-Phlnd) 2 TiCI 2 


Et(lndH 4 )2ZrCI 2 


Bz 2 Si(2-Me-4-naphthlnd) 2 TiCI 2 


Et (2-Melnd) 2 ZrCI 2 


EtdndH^aTlCIa 


Et(2-Me-4-iPrlnd) 2 ZrCl2 


Et(2-Melnd) 8 TlCI 2 


Et(2,4-Me 2 Cp) gjrG\ z 


Et(2-Me-4-iPrind) 2 TlCI 2 


Et(2-Me-4-tBuCp)2ZrCI 2 


Et(2,4-Me 2 Cp) 2 T1CI 2 


Et(2-Me-4,5 BenzlndJjZrClg 


Et(2-Me-4-tBuCp) 2 TiCI 2 


Et(2-Me-4-Phlnd) 2 ZiCI 2 


Et(2-Me-4,5 Benzlnd) 2 TiCI 2 


Et(2-Me-4-Phlnd) a ZrCl2 


Et(2-Me-4-Phlnd) 2 TiCI 2 


Et(2-Me-4-naphthlnd)2ZrCI 2 


Et(2-Me-4-Phlnd) 2 TiCI 2 


[En(2,4,7 Me 3 lnd) 2 TiCl2 


Et(2-Me-4-naphthlnd) 2 TiCI 2 


[En(lndH 4 ) 2 JTiCI 2 


Et(lnd) 2 TiCI 2 


[Me 2 Si (2,4,7 Me 3 lnd) 2 TiCI 2 


Et(lndH 4 ) 2 TiCI 2 


[Me 2 Si (IndH^aJTiClj 


Bz 2 Si(2-Me-4-tBuCp) 2 HfCI 2 


[Me 2 Si(lnd)2]TiCI 2 


Bz2Si(2-Me-4,5 Benzlnd) 2 HfCI 2 


[Ph 2 Si(lnd) 2 rnCI 2 


Bz 2 Si(2-Me-4-Phlnd) 2 HfCI 2 


[Bz 2 Si(lnd) 2 ]TiC! 2 


Bz 2 Ge(2-Me-4-Phlnd) 2 HfCI 2 


[Me 2 Si(2,4,7 Me-3-lnd) 2 TiCI 2 


Bz 2 Si(2-Me-4-naphthlnd) 2 HfCI 2 


[Me 2 Si(lndH 4 ) 2 JTiCI 2 


Et(lndH 4 ) 2 HfCI 2 


Et (2-Melnd) 2 TiCI 2 


Et(2-Melnd) 2 HfCI 2 


Et(2-Me-4-iPrlnd) 2 TiCI 2 


Et(2-Me-4-IPrlnd) 2 HfCI 2 


Et(2,4-Me 2 Cp) 2 TiCI 2 


Et(2,4-Me 2 Cp) 2 HfCI 2 


Et(2-Me-4-tBuCp) 2 TiCI 2 


Et(2-Me-4-tBuCp) 2 HfCI 2 


Et(2-Me-4,5 Benzlnd) 2 TiCI 2 


Et(2-Me-4,5 Benzlnd) 2 HfCI 2 


Et(2-Me-4-Phlnd) 2 TiCI 2 


Et(2-Me-4-Phlnd) 2 HfCI 2 


Et(2-Me-4-Phlnd) 2 TiCI 2 


Et(2-Me-4-Phlnd) 2 HfCI 2 


Et(2-Me-4-naphthlnd) 2 TlCI 2 


Et(2-Me-4-naphthlnd) 2 HfCi 2 


[En(2,4,7 Me 3 lnd) 2 HfCI 2 


Et(lnd) 2 HfCI 2 


[En(lndH 4 ) 2 ]HfCI 2 


Et(lndH 4 ) 2 HfCI 2 


[Me 2 Si (2,4,7 Me 3 lnd) 2 HfCI 2 


Et (2-Melnd) 2 HfCI 2 


[Me 2 Si (lndH 4 )2]HfCI 2 


Et(2-Me-4-iPrlnd) 2 HfCl2 


[Me 2 Si(lnd)2]HfCI 2 


Et(2,4-Me a Cp) 2 HfCI 2 


[Ph 2 Si(lnd) 2 ]HfCI 2 


Et(2-Me-4-tBuCp) 2 HfCI 2 


[Bz 2 Si(lnd) 2 ]HfCl2 


Et(2-Me-4,5 Benzlnd) 2 HfCI 2 


[Me 2 SI(2,4,7 Me-3-lnd) 2 HfCI 2 


Et(2-Me-4-Phlnd) 2 HfCl2 


[Me 2 Si(lndH 4 ) 2 ]HfCI 2 


Et(2-Me-4-Phlnd) 2 HfCI 2 


[Me 2 Si(2-Me-4,6-i-Prlnd) 2 ]HfCI 2 


Et(2-Me-4-naphthlnd) 2 HfCI 2 


[Me 2 Si(2Me 4Phlnd) 2 ]HfCI 2 


[En(2,4,7 Me 3 lnd)2ZrMe2 


[Me 2 Si(2Me4,4Benzolnd) 2 ]HfCI 2 


[En(lndH 4 ) 2 ]ZrMe 2 


[Me 2 SI(2,4,7 Me-3-lnd) 2 HfCI 2 


[Me 2 Si (2,4,7 MealndJaZrMea 


[Bz 2 Si(lndH 4 ) 2 ]HfCI 2 


[Me 2 Si (lndH 4 ) 2 ]ZrMe 2 


[Bz 2 Si(2-Me-4,6-i-Prlnd) 2 ]HfCI 2 


[Me 2 Si(lnd)2]ZrMe 2 


[Bz 2 Si(2Me 4Phlnd) 2 ]HfCI 2 


[Ph 2 Si(lnd) 2 ]ZrMe 2 


[Bz 2 Si(2Me4,4Benzolnd) 2 ]HfCI 2 


[Bz 2 Si(lnd) z ]ZrMe 2 


[Ph 2 C(lnd)(Cp)]HfCI 2 


[Me 2 Si(2,4,7 Me-3-lnd) 2 ZrMe 2 


[Me 2 C(lnd)(Cp)]HfCI 2 


[MeaSiflndH^aJZrMeg 
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Table 1 . (continued) 



List of Metallocenes 



[Me2C(lnd)(3-MeCp))HfCI 2 

[Ph 2 C(Ru)(Cp)]HfCl2 

[Me 2 C(Flu)(Cp)]HfCI 2 

[Me2C(Flu)(Cp)]HfCI 2 

EUlndJaHfCIa 

Me2Si(lnd) 2 HfCl2 

Me2Si(lndH 4 ) 2 HfCI 2 

Me2Si(2-Melnd) 2 HfCl2 

Me 2 Si(2-Me-4-iPrlnd) 2 HfCl2 

Me 2 Si (2,4-Me 2 Cp) 2 HfCI 2 

Me 2 Si(2-Me-4-tBuCp) 2 HfCI 2 

Me 2 Si(2-Me-4,5 Benzlnd) z HfCl z 

Me2Si(2-Me-4-Phlnd) 2 HfCI 2 

Me 2 Ge(2-Me-4-Phlnd) 2 HfCI 2 

Me 2 Si(2-Me-4-naphthlnd) 2 HfCI 2 

Bz 2 Si(lnd) 2 HfCI 2 

Bz 2 Si(lndH 4 ) 2 HfCl2 

Bz 2 Si(2-Melnd) 2 HfCI 2 

Bz 2 Si(2-Me-4-iPrlnd) 2 HfCI 2 

Bz 2 Si (2,4-Me 2 Cp) 2 HfCI 2 

Et(lnd) 2 ZrMe 2 

Me 2 Si(lnd) 2 ZrMe 2 

Me 2 Si(lndH 4 ) 2 ZrMe 2 

Me 2 Si(2-Melnd) 2 ZrMe 2 

Me 2 Si(2-Me-4-iPrlnd) 2 ZrMe 2 

Me 2 Si (2,4-Me 2 Cp) 2 ZrMe 2 

Me 2 Si(2-Me-4-tBuCp)2ZrMe 2 

Me 2 Si(2-Me-4,5 BenzlndJjZrMe;, 

Me 2 Si(2-Me-4-Phlnd)2ZrMe 2 

Me 2 Ge(2-Me-4-Phlnd) 2 ZrMe 2 

Me 2 Si(2-Me-4-naphthlnd)2ZrMe 2 

Bz 2 Si(lnd)2ZrMe 2 

Bz 2 Si(lndH 4 ) 2 ZrMe 2 

Bz 2 Si(2-Melnd) 2 ZrMe 2 

Bz 2 Si(2-Me-4-iPrlnd)2ZrMe 2 

Bz 2 Si (2,4-Me 2 Cp) 2ZrMe 2 

Bz 2 Si(2-Me-4-tBuCp) 2 ZrMe 2 

Bz 2 Si(2-Me-4,5 Benzlnd) 2 ZnVle 2 

Bz 2 Si(2-Me-4-Phlnd)2ZrMe 2 

Bz 2 Ge(2- Me-4- Phi nd) 2 ZrMe 2 

Bz 2 Si(2-Me-4-naphthlnd) 2 ZrMe 2 

Et(lndH 4 ) 2 ZrMe 2 

Et(2-Melnd) 2 ZrMe 2 

Et(2- Me-4-i Prl nd) 2 ZrMe 2 

Et(2,4-Me 2 Cp) 2 ZrMe 2 

Et(2-Me-4-tBuCp)2ZrMe 2 

Et(2-Me-4,5 BenzlndJaZrMea 

Et(2-Me-4-Phlnd) 2 ZrMe 2 

Et(2-Me-4-Phlnd) 2 ZrMe 2 

E^-Me^-naphthlndj^rMeg 



[Me 2 Si(2-Me-4,6-i-Pr1nd) 2 ]ZrMe 2 

[Me 2 Si(2Me 4Phlnd) 2 ]ZrMe 2 

[Me 2 Si(2Me4,4Benzolnd)2]ZrMe 2 

[Me 2 Si{2,4,7 Me-3-lnd)2ZrMe 2 

[Bz 2 Si(lndH 4 ) 2 ]ZrMe 2 

[Bz 2 Si(2-Me-4,6-i-Prlnd) 2 ]ZrMe 2 

[Bz 2 Si(2Me 4Phlnd) 2 ]ZrMe 2 

[Bz 2 Si(2Me4,4Benzolnd) 2 ]ZnVle 2 

[Ph 2 C(lnd)(Cp)]ZrMe 2 

[Me 2 C(lnd)(Cp)]ZrMe 2 

[Me 2 C(lnd)(3-MeCp)]ZrMe 2 

[Ph 2 C(Flu)(Cp)]ZrMe 2 

[MeaCtFluJfCpJJZnVieg 

[Me 2 C(Flu)(Cp)]HfMe 2 

[Me 2 Si(2,4,7 Me-3-lnd) 2 TiMe 2 

[Me 2 Si(lndH 4 ) 2 ]TiMe 2 

[Me 2 Si(2-Me-4,6-i-Prlnd) 2 ]TiMe 2 

[Me 2 Si(2Me 4Phlnd)2]TiMe 2 

[Me 2 Si(2Me4,4Benzolnd) 2 ]TiMe 2 

[Me 2 Si(2,4,7 Me-3-lnd) 2 TtMe 2 

[Bz 2 Si(lndH 4 ) 2 ]TiMe 2 

[Bz 2 SI(2-Me-4,6-i-Prlnd) 2 ]TiMe 2 

[Bz 2 Si(2Me 4Phlnd) 2 ]TiMe 2 

[Bz 2 Si(2Me4,4Benzolnd) 2 ]TiMe 2 

[Ph 2 C(lnd)(Cp)]TiMe 2 

[Me 2 C{lnd)(Cp)]TiMe 2 

[Me 2 C{lnd)(3-MeCp)JTiMe 2 

[Ph 2 C(Flu)(Cp)]TiMe 2 

[Me 2 C(Flu)(Cp)TTiMe a 

[Me 2 C(Flu)(Cp)]HfMe 2 

Et(lnd) 2 TiMe 2 

Me 2 Si(lnd) 2 TIMe 2 

Me 2 Si(lndH 4 ) 2 TIMe 2 

Me 2 Si(2-Melnd) 2 TiMe 2 

Me 2 Si(2-Me-4-iPrlnd) 2 TiMe 2 

Me 2 Si (2,4-Me 2 Cp) 2 TiMe 2 

Me 2 Si(2-Me-4-tBuCp) 2 TiMe 2 

Me 2 Si(2-Me-4,5 Benzlnd) 2 TiMe 2 

Me 2 Si(2-Me-4-Phlnd) 2 TiMe 2 

Me 2 Ge(2-Me-4-Phlnd) 2 TiMe2 

Me 2 Si(2-Me-4-naphthlnd) 2 TiMe 2 

Bz 2 Si(lnd) 2 TiMe2 

Bz 2 Si(lndH 4 ) 2 TiMe 2 

Bz 2 Si(2-Melnd) 2 TiMe 2 

Bz 2 Si(2-Me-4-iPrlnd) 2 TiMe 2 

Bz 2 Si (2,4-Me 2 Cp) 2 TiMe 2 

Bz 2 Si(2-Me-4-tBuCp) 2 TiMe 2 

Bz 2 Si(2-Me-4,5 Benzlnd) 2 TiMe 2 

Bz 2 Si(2-Me-4-Phlnd) 2 TiMe 2 

Bz g Ge(2-Me-4-Phlnd) 2 TiMe g 
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Table 1. (continued) 



List of Metallocenes 

Et(lnd) 2 ZrMe2 

Et(lndH4)2ZrMe 2 

Et (2-Me!rtd)2ZrMe 2 

Et(2-Me-4-iPrlnd) 2 ZrMe2 

Et(2,4-Me 2 Cp) 2ZrMe 2 

Et(2-Me-4-tBuCp)2ZrMe 2 

Et(2-Me-4,5 BenzlndJ-jZrMea 

Et(2-Me-4-Phlnd)2ZrMe2 

Et(2-Me-4-Phlnd) 2 ZrMe 2 

Et(2-Me-4-naphthlnd) 2 ZrMe 2 

[En(2,4,7 Me3lnd) 2 TiMe 2 

[EnflndH^alTiMea 

[Me 2 Si (2,4,7 Me 3 lnd) 2 TiMe 2 

[Me 2 Si (IndH^aJTiMea 

[Me 2 Si(lnd) 2 TTiMe 2 

[Ph 2 Si(lnd) 2 ]TiMe 2 

[Bz 2 Si(lnd) 2 TTiMe 2 

Et(lnd) 2 TiMe 2 

Et(lndH 4 ) 2 TiMe 2 

Et (2-Melnd) 2 TiMe 2 

Et(2-Me-4-iPrlnd) 2 TiMe 2 

Et(2,4-Me 2 Cp) 2 TiMe 2 

Et(2-Me-4-tBuCp) 2 TiMe 2 

Et(2-Me-4,5 Benzlnd) 2 TiMe 2 

Et(2-Me-4-Phlnd) 2 TlMe 2 

Et(2-Me-4-Phlnd) 2 TiMe 2 

Et(2-Me-4-naphthlnd) 2 TiMe 2 

[En(2,4,7 Me 3 lnd) 2 HfMe 2 

[En(lndH 4 )2]HfMe 2 

[Me 2 Si(2,4,7 Me 3 lnd) 2 HfMe 2 

[Me 2 Si (lndH 4 ) 2 ]HfMe 2 

[Me 2 SI(lnd)2]HfMe 2 

[Ph 2 Si(lnd) 2 ]HfMe 2 

[Bz 2 Si(lnd) 2 ]HfMe 2 

[Me 2 Si(2,4,7 Me-3-lnd) 2 HfMe 2 

[Me 2 Si(lndH 4 ) 2 ]HfMe 2 

[Me 2 Si(2-Me-4,6-i-Prlnd) 2 ]HfMe 2 

[Me 2 Si(2Me 4Phlnd) 2 ]HfMe a 

[Me 2 Si(2Me4,4Benzolnd) 2 ]HfMe 2 

[Me 2 Si(2,4,7 Me-3-lnd) 2 HfMe 2 

[Bz 2 Si(lndH 4 ) 2 ]HfMe 2 

[Bz 2 Si(2-Me-4,6-i-Prlnd) 2 ]HfMe 2 

[Bz 2 Si(2Me 4Phlnd)2]HfMe 2 

[Bz 2 Si(2Me4,4Benzolnd) 2 ]HfMe 2 

[Ph 2 C(lnd)(Cp)]HfMe 2 

[Me 2 C(lnd)(Cp)]HfMe 2 

[Me 2 C(lnd)(3-MeCp)]HfMe 2 

[Ph 2 C(Flu)(Cp)]HfMe 2 

[Me 2 C(Flu)(Cp)]HfMe 2 

CMe g C(Flu)(Cp)]HfMe 2 



Bz 2 Si(2-Me-4-naphthlnd) 2 TiMe 2 

Et(lndH4) 2 TiMe 2 

Et(2-Melnd) 2 TiMe 2 

Et(2-Me-4-iPrtnd) 2 TiMe 2 

Et(2,4-Me 2 Cp) 2 TiMe2 

Et(2-Me-4-tBuCp) 2 TiMe 2 

Et(2-Me-4,5 Benzlnd) 2 TiMe 2 

Et(2-Me-4-Phlnd) 2 TiMe 2 

Et(2-Me-4-Phlnd) 2 TiMe 2 

Et(2-Me-4-naphthlnd) 2 TiMe 2 

Bz 2 Si(2-Me-4-iPrlnd) 2 HfMe 2 

Bz 2 Si (2,4-Me2 Cp) 2 HfMe 2 

Bz 2 Si(2-Me-4-tBuCp) 2 HfMe 2 

Bz 2 Si(2-Me-4,5 Benzlnd) 2 HfMe 2 

Bz 2 Si(2-Me-4-Phlnd) 2 HfMe 2 

Bz 2 Ge(2-Me-4-Phlnd) 2 HfMe 2 

Bz 2 Si(2-Me-4-naphthlnd) 2 HfMe 2 

Et(lndH4) 2 HfMe 2 

Et(2-Melnd) 2 HfMe 2 

Et(2-Me-4-iPrind) 2 HfMe 2 

Et(2,4-Me 2 Cp) 2 HfMe 2 

Et(2-Me-4-tBuCp) 2 HfMe 2 

Et(2-Me-4,5 Benzlnd) 2 HfMe 2 

Et(2-Me-4-Phlnd) 2 HfMe 2 

Et(2-Me-4-Phlnd) 2 HfMe 2 

Et(2-Me-4-naphthlnd) 2 HfMe 2 

Et(lnd) 2 HfMe 2 

Et(lndH 4 ) 2 HfMe 2 

Et(2-Melnd) 2 HfMe 2 

Et(2-Me-4-iPrlnd) 2 HfMe 2 

Et(2,4-Me 2 Cp) 2 HfMe 2 

Et(2-Me-4-tBuCp) 2 HfMe 2 

Et(2-Me-4,5 BenzInd) 2 HfMe 2 

Et(2-Me-4-Phlnd) 2 HfMe 2 

Et(2-Me-4-Phlnd) 2 HfMe 2 

Et(2-Me-4-naphthlnd) 2 HfMe 2 

[En(2,4,7 Mealnd^rCIMe 

[En(lndH 4 ) 2 ]ZrCIMe 

[Me 2 Si(2,4,7 Me 3 \nd)gZrC\Me 

[Me 2 Si (lndH 4 ) 2 ]ZrCIMe 

[Me 2 Si(lnd) 2 ]ZrCIMe 

[Ph 2 Si(lnd) 2 ]ZrCIMe 

[Bz 2 SI(lnd) 2 ]ZrCIMe 

[Me 2 Si(2,4,7 Me-3-lnd) 2 ZrCIMe 

[Me 2 Si(lndH 4 ) 2 ]ZrCIMe 

[Me 2 Si(2-Me-4,6-i-Prlnd) 2 ]ZrCIMe 

[Me 2 Si(2Me 4Phlnd)2]ZrCIMe 

[Me 2 Si(2Me4,4Benzolnd) 2 ]ZrCIMe 

[Me 2 Si(2,4,7 Me-3-lnd) 2 ZrCIMe 

[Bz 2 Si(lndH 4 ) 2 ]ZrCIMe 
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Table 1 . (continued) 



List of Metallocenes 



Et(lnd) 2 HfMe 2 

Me 2 Si(lnd) 2 HfMe 2 

Me 2 Si(lndH 4 ) 2 HfMe 2 

Me-jSi^-MelndfeHfMej 

Me2Si(2-Me-4-iPrlnd) 2 HfMe 2 

Me 2 Si (2,4-Me 2 Cp) 2 HfMe 2 

Me 2 Si(2-Me-4-tBuCp) 2 HfMe 2 

Me2Si(2-Me-4,5 Benzlnd)2HfMe2 

Me 2 Si(2-Me-4-Phlnd) 2 HfMe 2 

Me 2 Ge(2-Me-4-Phlnd) 2 HfMe 2 

Me 2 Si(2-Me-4-naphthlnd) 2 HfMe 2 

Bz 2 Si(lnd) 2 HfMe 2 

Bz 2 Si(lndH 4 ) 2 HfMe 2 

Bz 2 Si(2-Melnd) 2 HfMe 2 

[Me 2 C(Flu)(Cp)]ZrCIMe 

[Me 2 C(Flu)(Cp)]HfCIMe 

Et(lnd) 2 ZrCIMe 

Me 2 Si(lnd)2ZrCIMe 

Me 2 Si(lndH 4 ) 2 ZrCIMe 

Me 2 Si(2-Melnd) 2 ZrCIMe 

Me 2 Si(2-Me-4-iPrlnd) 2 ZrCIMe 

Me 2 Si (2,4-Me 2 Cp) 2 ZrCIMe 

Me 2 Si(2-Me-4-tBuCp) 2 ZrCIMe 

Me 2 Si(2-Me-4,5 Benzlnd^rCIMe 

Me 2 Si(2-Me-4-Phlnd) 2 ZrCIMe 

Me 2 Ge(2-Me-4-Phlnd)2ZrCIMe 

Me 2 Si(2-Me-4-naphthlnd)2ZrCIMe 

Bz z S\{\nd)^.rC\Me 

Bz 2 Si(lndH 4 ) 2 ZrCIMe 

Bz 2 Si(2-Melnd)2ZrCIMe 

Bz 2 Si(2-Me-4-iPrlnd) 2 ZrCIMe 

Bz 2 Si (2,4-Me 2 Cp) ,>ZrCIMe 

Bz 2 Si(2-Me-4-tBuCp) 2 ZrCIMe 

Bz 2 Si(2-Me-4,5 Benzlnd) 2 ZrCIMe 

Bz 2 Si(2-Me-4-Phlnd)2ZrCIMe 

Bz 2 Ge(2-Me-4-Phlnd) 2 ZrCIMe 

Bz 2 Si(2-Me-4-naphthlnd) 2 ZrCIMe 

Et(lndH 4 )2ZrCIMe 

Et(2-Melnd) 2 ZrCIMe 

Et(2-Me-4-iPrlnd) a ZrCIMe 

Et(2,4-Me 2 Cp) aZrCIMe 

Et(2-Me-4-tBuCp)2ZrCIMe 

Et(2-Me-4,5 BenzlndJaZrCIMe 

Et(2-Me-4-Phlnd) 2 ZrCIMe 

Et(2-Me-4-Phlnd) 2 ZtCIMe 

Et(2-Me-4-naphthlnd)2ZrCIMe 

Et(lnd) 2 ZrCIMe 

Et(lndH 4 ) 2 ZrCIMe 

Et (2-Melnd) 2 ZrCIMe 

Et(2-Me-4-iPrlnd) 2 ZrCIMe 



[Bz 2 Si(2-Me-4,6-i-Pr1nd) 2 ]ZrCIMe 

[Bz 2 Si(2Me 4Phlnd) 2 JZrCIMe 

[Bz 2 Si(2Me4,4Benzolnd) 2 ]ZrCIMe 

[Ph 2 C(lnd)(Cp)]ZrCIMe 

[Me 2 C(lnd)(Cp)]ZrCIMe 

[Me 2 C(lnd)(3-MeCp)]ZrCIMe 

[Ph 2 C(Flu)(Cp)]ZrCIMe 

[Ms 2 Si(lnd)2]TiCIMe 

[Ph 2 Si(lnd) 2 TTiCIMe 

[BZjjSiClndkJTiCIMe 

[Me 2 Si(2,4,7 Me-3-lnd) 2 TiCIMe 

[Me 2 SI(lndH 4 ) 2 ]TiCIMe 

[Me 2 Si(2-Me-4,6-i-Prlnd) 2 ]TiCIMe 

[Me 2 Si(2Me 4Phlnd) 2 ]TiCIMe 

[Me 2 Si(2Me4,4Benzolnd) 2 ]TiCIMe 

[Me 2 Si(2,4,7 Me-3-lnd) 2 TiCIMe 

[Bz 2 Si(lndH 4 ) 2 ]TiCIMe 

[Bz 2 SI(2-Me-4,6-i-Prlnd) 2 ]TiCIMe 

[Bz 2 Si(2Me 4Phlnd) 2 ]TiCIMe 

[Bz 2 SI(2Me4,4Benzolnd) 2 ]TiCIMe 

[Ph 2 C(lnd)(Cp)]TiCIMe 

[Me 2 C(lnd)(Cp)JTiCIMe 

[Me 2 C(lnd)(3-MeCp)TTiCIMe 

[Ph 2 C(Flu)(Cp)]TiCIMe 

[Me 2 C(Flu)(Cp)JTiCIMe 

[Me 2 C(Flu)(Cp)]HfCIMe 

Et(lnd) 2 TiCIMe 

Me 2 Si(lnd) 2 TiCIMe 

Me 2 Si(lndH 4 ) 2 TiCIMe 

Me 2 Si(2-Melnd) 2 TiCIMe 

Me 2 Si(2-Me-4-iPrlnd) 2 TiCIMe 

Me 2 Si (2,4-Me 2 Cp) 2 TiCIMe 

Me 2 Si(2-Me-4-tBuCp) 2 TiCIMe 

Me 2 Si(2-Me-4,5 Benzlnd) 2 TiCIMe 

Me 2 Si(2-Me-4-Phlnd) 2 TiCIMe 

Me 2 Ge(2-Me-4-Phlnd) 2 TiCIMe 

Me 2 Si(2-Me-4-naphthlnd) 2 TiCIMe 

Bz 2 Si(lnd) 2 TiCIMe 

Bz 2 Si(lndH 4 ) 2 TiCIMe 

Bz 2 Si(2-Melnd) 2 TiCIMe 

Bz 2 Si(2-Me-4-iPr1nd) 2 TiCIMe 

Bz 2 Si (2,4-Mea Cp) 2 TiCIMe 

Bz 2 Si(2-Me-4-tBuCp) 2 TiCIMe 

Bz 2 Si(2-Me-4,5 Benzlnd) 2 TiCIMe 

Bz 2 Si(2-Me-4-Phlnd) 2 TiCIMe 

Bz 2 Ge(2-Me-4-Phlnd) 2 TiCIMe 

Bz 2 Si(2-Me-4-naphthlnd) 2 TiCIMe 

Et(lndH 4 ) 2 TiCIMe 

Et(2-Melnd) 2 TiCIMe 

Et(2-Me-4-iPrlnd) 2 TiCIMe 
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Table 1 . (continued) 



List of Metallocenes 



Et(2,4-Me 2 Cp) aZrCIMe 

Et(2-Me-4-tBuCp)2ZrCIMe 

Et(2-Me-4,5 BenzlndJjZrCIMe 

Et(2-Me-4-Phlnd) 2 ZrCIMe 

Et(2-Me-4-Phlnd) 2 ZrCIMe 

Et(2-Me-4-naphthlnd)2ZrCIMe 

[En(2,4,7 Me 3 lnd) 2 TiCIMe 

[EnflndH^arnCIMe 

[Me 2 Si (2,4,7 Me 3 lnd) 2 TiCIMe 

[Me 2 Si (IndH^JTiCIMe 

Et(2-Me-4-Phlnd) 2 TiCIMe 

Et(2-Me-4-Phlnd) 2 TiCIMe 

Et(2-Me-4-naphthlnd) 2 TiCIMe 

Et(lnd) 2 TiCIMe 

Et(lndH 4 ) 2 TiCIMe 

Et (2-Melnd) 2 TiCIMe 

Et(2-Me-4-iPrlnd) a TiCIMe 

Et(2,4-Me 2 Cp) 2 TiCIMe 

Et(2-Me-4-tBuCp) 2 TiCIMe 

Et(2-Me-4,5 Benzlnd) 2 TiCIMe 

Et(2-Me-4-Phlnd) 2 TiCIMe 

Et(2-Me-4-Phlnd) 2 TiCIMe 

Et(2-Me-4-naphthlnd) 2 TiCIMe 

[En(2,4,7 Mealnd) 2 HfCIMe 

[En(lndH 4 ) 2 ]HfCIMe 

[Me 2 Si (2,4,7 Me 3 lnd) 2 HfCIMe 

[Me 2 Si (lndH 4 ) 2 ]HfCIMe 

[Me 2 Si(lnd) 2 ]HfCIMe 

[Ph 2 Si(lnd) 2 ]HfCIMe 

[Bz 2 Si(lnd) 2 ]HfCIMe 

[Me 2 Si(2,4,7 Me-3-lnd) 2 HfCIMe 

[Me 2 Si(lndH 4 ) 2 ]HfCIIVIe 

[Me 2 Si(2-Me-4,6-i-Prlnd) 2 ]HfCIMe 

[Me 2 Si(2Me 4Phlnd) 2 ]HfCIMe 

[Me 2 Si(2Me4,4Benzolnd) 2 ]HfCIMe 

[Me 2 Si(2,4,7 Me-3-lnd) 2 HfCIMe 

[Bz 2 Si(lndH 4 ) 2 ]HfCIMe 

[Bz 2 Si(2-Me-4,6-i-Prlnd) 2 ]HfCIMe 

[Bz 2 Si(2Me 4Phlnd) 2 ]HfCIMe 

[Bz 2 Si(2Me4,4Benzolnd) 2 ]HfCIMe 

[Ph 2 C(lnd)(Cp)]HfCIMe 

[Me 2 C(lnd)(Cp)]HfCIMe 

[Me 2 C(lnd)(3-MeCp)]HfC!Me 

[Ph 2 C(Ru)(Cp)]HfCIMe 

[Me 2 C(Flu)(Cp)]HfCIMe 

[Me 2 C(Flu)(Cp)]HfCIMe 



Et(2,4-Me2 Cp) 2 TiCIMe 

Et(2-Me-4-tBuCp) 2 TiCIMe 

Et(2-Me-4,5 Benzlnd) 2 TiCIMe 

Me 2 Si(2-Me-4-naphthlnd) 2 HfCIMe 

Bz 2 Si(lnd) 2 HfCIMe 

Bz 2 Si(lndH 4 ) a HfCIMe 

Bz 2 Si(2-Melnd) 2 HfCIMe 

Bz 2 Si(2-Me-4-iPrtnd) 2 HfCllvle 

Bz 2 Si (2,4-Mea Cp) 2 HfCIMe 

Bz 2 Si(2-Me-4-tBuCp) 2 HfCIMe 

Bz 2 Si(2-Me-4,5 Benzlnd) 2 HfCIMe 

Bz 2 Si(2-Me-4-Phlnd) 2 HfCIMe 

Bz 2 Ge(2-Me-4-Phlnd) 2 HfCIMe 

Bz 2 Si(2-Me-4-naphthlnd) 2 HfCIMe 

Et(lndH4) 2 HfCIMe 

Et(2-Melnd) 2 HfCIMe 

Et(2-Me-4-iPrlnd) 2 HfCIMe 

Et(2,4-Me 2 Cp) 2 HfCIMe 

Et(2-Me-4-tBuCp) 2 HfCIMe 

Et(2-Me-4,5 Benzlnd) 2 HfCIMe 

Et(2-Me-4-Phlnd) 2 HfCIMe 

Et(2-Me-4-Phlnd) 2 HfCIMe 

Et(2-Me-4-naphthlnd) 2 HfCIMe 

Et(lnd) 2 HfCIMe 

Et(lndH 4 ) 2 HfCIMe 

Et (2-Melnd) 2 HfCIMe 

Et(2-Me-4-iPrlnd) 2 HfCIMe 

Et(2,4-Me 2 Cp) 2 HfCIMe 

Et(2-M e-4-tBuCp) 2 HfCIMe 

Et(2-Me-4,5 Benzlnd) 2 HfCIMe 

Et(2-Me-4-Phlnd) 2 HfCIMe 

Et(2-Me-4-Phlnd) 2 HfCIMe 

Et(2-Me-4-naphthlnd) 2 HfCIMe 

Et(lnd) 2 HfCIMe 

Me 2 Si(lnd) 2 HfCIMe 

Me 2 Si(lndH 4 ) 2 HfCIMe 

Me 2 Si(2-Melnd) 2 HfCIMe 

Me 2 Si(2-Me-4-iPrlnd) 2 HfCIMe 

Me 2 Si (2,4-Me 2 Cp) 2 HfCIMe 

Me 2 Si(2-Me-4-tBuCp) 2 HfCIMe 

Me 2 Ge(2-Me-4-Phlnd) 2 HfCIMe 

Me 2 Si(2-Me-4,5 Benzlnd) 2 HfCIMe 

Me 2 Si(2-Me-4-Phlnd) 2 HfCIMe 



[0084] Preferred metallocene catalysts for ethylene polymerization are (CpR>2ZrX 2 catalysts, where Cp is cyclopen- 

tadienyl, indenyl, fluorenyl, R is H, Me (methyl), Et (ethyl), Pr (propyl), i-Pr, Bu (butyl), i-Bu, and X is CI. 

The metallocene catalyst can be used as part of a catalyst system containing also a co-catalyst which activate the 
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metallocene in the terpolymerization. Examples of such co-catalysts are alumoxanes such as methyl alumoxane 

[0085] Different known methods of adding the cocatalyst can be used, such as: . _ . 

mixing the metallocene catalyst with the cocatalyst under inert conditions in an inert solvent and bringing the 
activated complex catalyst formed into the reaction zone prior or continuously during the terpolymerization; or 
mixing the cocatalyst with solvent provided for the polymerization and introducing further the catalyst to form the 
catalyst complex prior to the terpolymerization; or 

continuously supplying the catalyst and the cocatalyst to the reaction zone during the polymerization with the 
formation of the activated complex during the terpolymerization; or 
any other method suitable for ethylene polymerization can be used. 

[0086] The ethylene metallocene copolymerization process according to this invention may thus involve bringing into 
contact in the reaction zone at least ethylene, and a further alpha olefin with the proviso that the further alpha olefin 
has a total number of carbon higher than 5. 

[0087] The ethylene metallocene terpolymerization process according to this invention may thus involve bringing 
into contact in the reaction zone at least ethylene, a second alpha olefin and a further alpha olefin with the proviso that 
at least the second alpha olefin has a total number of carbon higher than 5. 

[0088] The molecular weight distribution of such terpolymers can vary according to a particular metallocene catalyst 
employed, a particular co-catalyst employed and a particular mixture of alpha olefins employed. 
[0089] The invention will now be described in more detail with reference to the following non limiting examples 
[0090] In the examples: 

(i) Melting behavior, ie the Tm melting temperature and the heat of fusion, were determined on a Perkin Elmer 
DSC7 fitted with a TAC7/PC instrument controller. The samples were heated from 50°C to 200°C at 20°C/min, 
held at 200°C for 1 min., cooled to 50°C at a rate of 20°C/min, and held at 50°C for 1 minute after which the melting 
curve was recorded between 50°C and 200°C at a heating rate of 10°C/mln. 

(ii) Molecular weight was determined on a Waters 150 CV GP chromatograph equipped with a data module and 
computer acquisition system. Determinations were done on polymer samples dissolved at 150 o C in 1 ,2,4 trichlo- 
robenzene. Each tray of samples included a polystyrene standard and a NBS 1475a standard in order to check 
the validity of data against the calibration curve data. Differential Refractive Index was used for detection. These 
tests were used to determine polydispersity and the molecular weight average viscosity weight. 

(iii) Rheological analysis were performed on a Physica MCR-500 rheometer with a temperature control unit. Fre- 
quency sweep experiments (oscillatory test) were performed with a parallel plate measuring system (25 mm di- 
ameter), under controlled strain conditions, at a constant temperature. The measuring conditions were as follows: 

The measuring temperatures were T = 150, 160, 170 °C . 
The strain = 1 % 

The rheological values were determined by varying the angular frequency logarithmically from 0.01 to 500€/s 
The gap between the parallel plates was set to 1 mm. 

Measurements were performed on heat stabilised injection molded disks (25 diameter x 2 mm thick) of the 
polymer. 



[0091] To a 1 -liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thoroughly 
purged with nitrogen, was added 350g polymerization grade cyclohexane and the temperature set at 80°C. To this was 
added 1 0 ml of a 30% solution of MAO in toluene prereacted with 0.1 mg bis n-butyl cyclopentadiene zirconium dichlo- 
ride. Ethylene and a 3/1 mass mixture of Fischer-Tropsch derived 1-pentene and 1-butene were introduced simulta- 
neously at flow rates of 2g/min. After 50 min the monomer flows were stopped, and the reaction continued for another 
10 minutes after which the reaction mixture was cooled down. The catalyst was then deactivated by the introduction 
of 100 ml iso propanol and the slurry filtered, washed repeatedly with acetone and dried under vacuum at 70°C. The 
yield of terpolymer was 80g. The density of the copolymer as measured according to ASTM D 1505 was 0.9158 g/cm 3 
and MFI measured according to ASTM D 1238 was 0.1 dg/min. A GPC measurement was carried out and the M n , M w , 
M z and polydispersity (P) of the copolymer were 261 230, 538870, 936922 and 2.06 respectively. DSC gave a melting 
temperature of 1 1 9 deg. and a fusion enthalpy of 1 32 J/g. Rheological determinations were done and the dynamic zero 
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shear viscosity and the cross-over frequency o> e were respectively 3.71 E5 Pa.s and 4 rad/s at 1 50 °C; were respectively 
3.33E5 Pa.s and 5 rad/s at 1 GO "C; and were respectively 3.1 SE5 Pa.s and 5.1 rad/s at 1 70 °C. 

EXAMPLE 2 

[0092] To a 1 0-liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thor- 
oughly purged with nitrogen, was added 1500g polymerization grade toluene and the temperature set at 85°C. To this 
was added 10 ml of a 30% solution of MAO in toluene prereacted with 0.58 mg bis 1 -ethyl indenyl zirconium dichloride 
and 100 mg hydrogen. Ethylene and Fischer-Tropsch derived 1 -pentene were introduced simultaneously at flow rates 
10 of 5g/min. After 80 min. the monomer flows were stopped and the reaction mixture cooled down over a period of 60 
minutes. The catalyst was then deactivated by the Introduction of 500 ml iso propanol and the slurry filtered, washed 
repeatedly with acetone and dried under vacuum at 70°C. The yield of copolymer containing 2.8% 1 -pentene was 
490g. The density of the copolymer as measured according to ASTM D 1505 was O.OSSOg/cm 3 and MFI measured 
according to ASTM D 1238 was 1 .8 dg/min. 

15 

EXAMPLE 3 

[0093] To a 1 0-liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thor- 
oughly purged with nitrogen, was added 2000g polymerization grade toluene and the temperature set at 85°C. To this 

2£» was added 1 00 ml of a 30% solution of MAO in toluene prereacted with 1 .6 mg bis n-butyl cyclopentadiene zirconium 
dichloride. Ethylene and Fischer-Tropsch derived 1 -pentene were introduced simultaneously at flow rates of 12.5 g/ 
min. After 80 min. the monomer flows were stopped and the reaction mixture cooled down over a period of 60 minutes. 
The catalyst was then deactivated by the introduction of 500 ml iso propanol and the slurry filtered, washed repeatedly 
with acetone and dried under vacuum at 70°C. The yield of copolymer containing 2% 1-pentene was 940g. The density 

25 of the copolymer as measured according to ASTM D 1 505 was 0.930 g/cm 3 and MFI measured according to ASTM D 
1 238 was 33 dg/min. A GPC measurement was carried out and the M n , M w , M z and polydispersity (P) of the copolymer 
were 401 68, 90738, 1 78436 and 2.26 respectively. DSC gave a melting temperature of 1 1 5 deg. and a fusion enthalpy 
of 94 J/g. Rheological determinations were done and the dynamic zero shear viscosity T|° was 809 Pa.s at 150 °C, 
649 Pa.s at 160 °C and 544 Pa.s at 170 "C. 

EXAMPLE 4 

[0094] To a 1 0-liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thor- 
oughly purged with nitrogen, was added 2000g polymerization grade toluene and the temperature set at 85°C. To this 

35 was added 1 00 ml of a 30% solution of MAO in toluene prereacted with 0.8 mg bis n-butyl cyclopentadiene zirconium 
dichloride. Ethylene and Fischer-Tropsch derived 1-pentene were introduced simultaneously at flow rates of 9 g/min 
and 2.5 g/min respectively. After 80 min. the monomer flows were stopped and the reaction mixture cooled down over 
a period of 60 minutes. The catalyst was then deactivated by the introduction of 500 ml iso propanol and the slurry 
filtered, washed repeatedly with acetone and dried under vacuum at 70°C. The yield of copolymer containing 0.44% 

40 1 -pentene was 630g. The density of the copolymer as measured according to ASTM D 1 505 was 0.955 g/cm 3 and 
MFI measured according to ASTM D 1238 was 0.78 dg/min. A GPC measurement was carried out and the M n , M w , 
M z and polydispersity (P) of the copolymer were 82045, 21 1 903, 459699 and 2.58 respectively. DSC gave a melting 
temperature of 125 deg. and a fusion enthalpy of 143 J/g. Rheological determinations were done and the dynamic 
zero shear viscosity ti°, the cross-over modulus G c , the cross-over frequency <o c were respectively 15019 Pa.s, 1 68970 

<5 Pa and 143 rad/s at 150 °C; were respectively 13152 Pa.s, 198450 Pa and 159 rad/s at 160 °C; and were respectively 
11445 Pa.s, 192810 Paand 185 rad/s at 170 °C. 

EXAMPLE 5 

so [0095] To a 1 -liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thoroughly 
purged with nitrogen, was added 350g polymerization grade toluene and the temperature set at 80°C. To this was 
added 1 .5 ml of a 30% solution of MAO in toluene followed 5 minutes later by 2ml of a pre-contacted solution containing 
1 ml of a 5" 3 M solution of a bis-indenyl dimethyl silyl zirconium dichloride and 1 ml of a 30% solution of MAO, both in 
toluene. Ethylene and Fischer-Tropsch derived 1 -hexene were introduced simultaneously at flow rates of 4 g/min. and 

5S 2 g/min. respectively. After 100 g of ethylene and 50 g of Flsher-Tropsch derived 1-hexene were introduced the mon- 
omer flows were stopped and the reaction continued for another 35 minutes. After this period the catalyst was deac- 
tivated by the introduction of 1 00 ml iso propanol and the slurry cooled to room temperature under stirring. This slurry 
was filtered, washed repeatedly with acetone and dried under vacuum at 80°C. The yield of copolymer was 122g. The 
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density of the copolymer as measured according to ASTM D 1505 was 0.94 g/cm 3 and MFI measured according to 
AST" D 1238 was 0.01 dg/rr.in. A GPC measurement was carried o u t and the M n . ".„, M z and polydispersity (P) cf 
the copolymer were 96750, 227492, 435490 and 2.35 respectively. DSC gave a melting temperature of 123 deg. and 
a fusion enthalpy of 112 J/g. Rheological determinations were done and the dynamic zero shear viscosity r\° was 
s 1221 300 and 1052800 Pa.s at respectively 150and 170°Candthecross-overcomplexshearviscosityTi" c was 934820, 
750350 and 444480 Pa.s at respectively 150, 160 and 170 "C. 

EXAMPLE 6 

10 [0096] To a 1 0-liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thor- 
oughly purged with nitrogen, was added 2000g polymerization grade toluene and the temperature set at 85°C. To this 
was added 1 00 ml of a 30% solution of MAO in toluene followed 5 minutes later by 0.8 mg of a n-butyl cyclopentadiene 
zirconium dichloride. Ethylene and Fischer-Tropsch derived 1 -hexene were introduced simultaneously at flow rates of 
9 g/min. and 2.5 g/min. respectively. After 720 g of ethylene and 200 g of Fisher-Tropsch derived 1 -hexene were 

'5 introduced the monomer flows were stopped and the reaction continued for another 40 minutes. After this period the 
catalyst was deactivated by the introduction of 100 ml iso propanol and the slurry cooled to room temperature under 
stirring. This slurry was filtered, washed repeatedly with acetone and dried under vacuum at 80°C. The yield of copol- 
ymer with a composition 0.2%, 1 -hexene was 580g. The density of the copolymer as measured according to ASTM D 
1505 was 0.931 g/cm 3 and MFI measured according to ASTM D 1238 was 0.73 dg/min. A GPC measurement was 

20 carried out and the M n , M w , M 2 and polydispersity (P) of the copolymer were 95376, 243707, 501000 and 2.56 respec- 
tively. DSC gave a melting temperature of 126 deg. and a fusion enthalpy of 148 J/g. Rheological determinations were 
done and the dynamic zero shear viscosity t\° , the cross-over modulus G c , the cross-over frequency a> c , the cross- 
over complex shear viscosity tT c were respectively 99690 Pa.s, 202840 Pa, 39 rad/s and 7346 Pa.s at 150 °C; were 
respectively 80554 Pa.s, 1 98400 Pa, 43 rad/s and 6516 Pa.s at 160 "C; and were respectively 41017 Pa.s, 186260 

25 p a , 52 rad/s and 5079 Pa s at 1 70 "C. 

EXAMPLE 7 

[0097] To a 10-liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thor- 
30 oughly purged with nitrogen, was added 2000g polymerization grade toluene and the temperature set at 85°C. To this 
was added 100 ml of a 10% solution of MAO in toluene prereacted with 0.8 mg bis n-butyl cyclopentadiene zirconium 
dichloride. Ethylene and a 1/1 mass mixture of Fischer-Tropsch derived 1-pentene and 1 -hexene were introduced 
simultaneously at flow rates of 15 g/min. and 3 g/min. respectively. After 50 min. the monomer flows were stopped, 
and the reaction continued for another 30 minutes. The catalyst was then deactivated by the introduction of 500 ml iso 
as propanol and the slurry filtered, washed repeatedly with acetone and dried under vacuum at 70°C. The yield of terpol- 
ymer containing 0.1 7% 1 -pentene and 0.23% 1 -hexene respectively, was 630g. The density of the copolymer as meas- 
ured according to ASTM D 1505 was 0.9497 g/cm 3 and MFI measured according to ASTM D 1238 was 1 dg/min. A 
GPC measurement was carried out and the M n , M w . M z and polydispersity (P) of the copolymer were 123059,283897, 
560328 and 2.31 respectively. DSC gave a melting temperature of 126 deg. and a fusion enthalpy of 145 J/g. Rheo- 
40 logical determinations were done and the dynamic zero shear viscosity r\°, the cross-over modulus G e , the cross-over 
frequency (o c , the cross-over complex shear viscosity ii* c were respectively 94434 Pa.s, 1 78990 Pa, 32 rad/s and 7802 
Pa.s at 150 °C; were respectively 60892 Pa.s, 186640 Pa, 36 rad/s and 7266 Pa.s at 160 °C; and were respectively 
59435 Pa.s, 222780 Pa, 49 rad/s and 6377 Pa.s at 170 °C. 

« EXAMPLE 8 

[0098] To a 1 0-liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thor- 
oughly purged with nitrogen, was added 2000g polymerization grade toluene and the temperature set at 85°C. To this 
was added 1 00 ml of a 1 0% solution of MAO in toluene prereacted with 0.8 mg bis n-butyl cyclopentadiene zirconium 

so dichloride. Ethylene and a 2/1 mass mixture of Fischer-Tropsch derived 1 -pentene and 1 -hexene were introduced 
simultaneously at flow rates of 15 g/min. and 6 g/min. respectively. After 50 min. the monomer flows were stopped, 
and the reaction continued for another 30 minutes. The catalyst was then deactivated by the introduction of 500 ml iso 
propanol and the slurry filtered, washed repeatedly with acetone and dried under vacuum at 70°C. The yield of terpol- 
ymer containing 0.2% 1 -pentene and 0.2% 1 -hexene respectively, was 630g. The density of the copolymer as measured 

55 according to ASTM D 1505 was 0.9547 g/cm 3 and MFI measured according to ASTM D 1238 was 1 dg/min. A GPC 
measurement was carried out and the M n , M w , M 2 and polydispersity (P) of the copolymer were 94976 , 22481 8, 460299 
and 2.37 respectively. DSC gave a melting temperature of 125 deg. and a fusion enthalpy of 140 J/g. 
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EXAMPLE 9 

[0099] -To a 1 0-liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, andthor- 
oughly purged with nitrogen, was added 2000g polymerization grade toluene and the temperature set at 85°C. To this 

s was added 1 00 ml of a 1 0% solution of MAO In toluene prereacted with O.fl rhg bis n-butyl cyclopentadiene zirconium 
dichloride. Ethylene and a 1/2 mass mixture of Fischer-Tropsch derived 1-pentene and 1-hexene were introduced 
simultaneously at flow rates of 15 g/min. and 6 g/min. respectively. After 50 min. the monomer flows were stopped, 
and the reaction continued for another 30 minutes. The catalyst was then deactivated by the introduction of 500 ml iso 
propanol and the slurry filtered, washed repeatedly with acetone and dried under vacuum at 70°C. The yield of terpol- 

io ymer containing 0. 1 5% 1 -pentene and 0.23% 1 -hexene respectively, was 630g. The density of the copolymer as meas- 
ured according to ASTM D 1505 was 0.9537 g/cm 3 and MFI measured according to ASTM O 1238 was 0.9 dg/min. A 
GPC measurement was carried out and the M n , M w , M 2 and polydispersity (P) of the copolymer were 88448, 21 4377, 
4351 72 and 2.42 respectively. DSC gave a melting temperature of 125 deg. and a fusion enthalpy 145 J/g. 

15 EXAMPLE 10 

[0100] To a 10-liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thor- 
oughly purged with nitrogen, was added 2000g polymerization grade toluene and the temperature set at 85°C. To this 
was added 100 ml of a 10% solution of MAO in toluene prereacted with 0.8 mg bis n-butyl cyclopentadiene zirconium 
20 dichloride. Ethylene and a 2/3 mass mixture of Fischer-Tropsch derived 1-pentene and 1-hexene were introduced 
simultaneously at flow rates of 24 g/min. and 1 0 g/min. respectively. After 50 min. the monomer flows were stopped, 
and the reaction continued for another 30 minutes. The catalyst was then deactivated by the introduction of 500 ml iso 
propanol and the slurry filtered, washed repeatedly with acetone and dried under vacuum at 70°C. The yield of terpol- 
ymer containing 0.35% 1 -pentene and 0.55% 1 -hexene respectively, was 780g. The density of the copolymer as meas- 
es ured according to ASTM D 1505 was 0.936 g/cm 3 and MFI measured according to ASTM D 1238 was 2.9 dg/min. A 
GPC measurement was carried out and the M n , M w , M z and polydispersity (P) of the copolymer were 73337, 1 73645, 
354722 and 2.37 respectively. DSC gave a melting temperature of 121 deg. and a fusion enthalpy of 127 J/g. 

EXAMPLE 11 

30 

[0101] To a 1 0-liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thor- 
oughly purged with nitrogen, was added 2000g polymerization grade toluene and the temperature set at 85°C. To this 
was added 150 ml of a 10% solution of MAO in toluene prereacted with 0.8 mg bis n-butyl cyclopentadiene zirconium 
dichloride. Ethylene and a 1/1 mass mixture of Fischer-Tropsch derived 1-pentene and 1-hexene were introduced 

35 simultaneously at flow rates of 18 g/min. and 12 g/min. respectively. After 50 min. the monomer flows were stopped, 
and the reaction continued for another 30 minutes. The catalyst was then deactivated by the introduction of 500 ml iso 
propanol and the slurry filtered, washed repeatedly with acetone and dried under vacuum at 70 e .C. The yield of terpol- 
ymer containing 0.3% 1 -pentene and 0.35% 1 -hexene respectively, was 81 Og. The density of the copolymer as meas- 
ured according to ASTM D 1505 was 0.939 g/cm 3 and MFI measured according to ASTM D 1238 was 1.2 dg/min. A 

40 GPC measurement was carried out and the M n , M w , M z and polydispersity (P) of the copolymer was 9001 8, 209254, 
427378 and 2.32 respectively. DSC gave a melting temperature of 121 deg. and a fusion enthalpy of 131 J/g. 

EXAMPLE 12 

45 [01 02] To a 1 -liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thoroughly 
purged with nitrogen, was added 350g polymerization grade toluene and the temperature set at 80°C. To this was 
added 1 .5 ml of a 30% solution of MAO in toluene followed 5 minutes later by 2ml of a precontacted solution containing 
1 ml of a 5 3 M solution of a bis-indenyl dimethylsilyl zirconium dichloride and 1 ml of a 30% solution of MAO, both in 
toluene. Ethylene and Fischer-Tropsch derived 1 -heptene were introduced simultaneously at flow rates of 4 g/min. and 

so 2 g/min. respectively. After 100 g of ethylene and 50 g of Fisher-Tropsch derived 1 -heptene were introduced, the 
monomer flows were stopped and the reaction continued for another 35 minutes. After this period the catalyst was 
deactivated by the introduction of 100 ml iso propanol and the slurry cooled to room temperature under stirring. This 
slurry was filtered, washed repeatedly with acetone and dried under vacuum at 80°C. The yield of copolymer was 96g. 
The density of the copolymer as measured according to ASTM D 1 505 was 0.905 g/cm 3 and MFI measured according 

55 to ASTM D 1 238 was 0.7 dg/min. A GPC measurement was carried out and the M n , M w , M z and polydispersity (P) of 
the copolymer were 76356, 1 70303, 322962 and 2.23 respectively. DSC gave a melting temperature of 1 26 deg. and 
a fusion enthalpy of 59 J/g. Rheological determinations were done and the dynamic zero shear viscosity n° and the 
cross-over complex shear viscosity ii* e were respectively 137040 and 6322 Pa.s at 150 °C; were respectively 123130 
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and 5312 Pa.s at 160 "C; and were respectively 80670 and 4350 Pa.s at 170 °C. 
EXAMPLE 13 -■ 

5 [01 03] To a 1 -liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thoroughly 
purged with nitrogen, was added 350g polymerization grade toluene and the temperature set at 80°C. To this was 
added 1 .5 ml of a 30% solution of MAO in toluene followed 5 minutes later by 2ml of a pre-contacted solution containing 
1 ml of a 5" 3 M solution of a bis-indenyl dimethyl silyl zirconium dichloride and 1 ml of a 30% solution of MAO, both in 
toluene. Ethylene and a 1/1 mixture of Fischer-Tropsch derived 1 -heptene and 1 -pentene were Introduced slrnurtane- 

10 ously at flow rates of 4 g/min. and 2 g/min. respectively. After 100 g of ethylene and 50 g of the mixture of Fisher- 
Tropsch derived 1 -heptene and 1 -pentene were Introduced the monomer flows were stopped and the reaction continued 
for another 35 minutes. After this period the catalyst was deactivated by the introduction of 1 00 ml iso propanol and 
the slurry cooled to room temperature under stirring. This slurry was filtered, washed repeatedly with acetone and dried 
under vacuum at 80°C. The yield of terpolymer was 82g. The density of the copolymer as measured according to 

'5 ASTM D 1 505 was 0.91 5 g/cm 3 and MFI measured according to ASTM D 1 238 was 3.5 dg/min. A GPC measurement 
was carried out and the M n , M w , M z and polydispersity (P) of the copolymer were 48305, 131286, 311478 and 2.72 
respectively. DSC gave a melting temperature of 126 deg. and a fusion enthalpy of 24 J/g. 

EXAMPLE 14 

20 

[0104] To a 1 -liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thoroughly 
purged with nitrogen, was added 350g polymerization grade toluene and the temperature set at SO^C. To this was 
added 1 .5 ml of a 30% solution of MAO in toluene followed 5 minutes later by 2ml of a precontacted solution containing 
1 ml of a 5-3 M solution of a bis-indenyl dimethylsilyl zirconium dichloride and 1 ml of a 30% solution of MAO, both in 

25 toluene. Ethylene and Fischer-Tropsch derived 1 -octene were introduced simultaneously at flow rates both of 4 g/min. 
After 1 00 g of ethylene and 1 00 g of Fisher-Tropsch derived 1 -octene were introduced, the monomer flows were stopped 
and the reaction continued for another 35 minutes. After this period the catalyst was deactivated by the introduction 
of 1 00 ml iso propanol and the slurry cooled to room temperature under stirring. This slurry was filtered, washed re- 
peatedly with acetone and dried under vacuum at 80°C. The yield of copolymer, containing 9.6% 1 -octene, was 1 77g. 

so The density of the copolymer as measured according to ASTM D 1505 was 0.88 g/cm 3 and MFI measured according 
to ASTM D 1238 was 67 dg/min. A GPC measurement was carried out and the M n , M w , M z and polydispersity (P) of 
the copolymer were 27548, 88690, 160252 and 3.22 respectively. DSC gave a melting temperature of 103 deg. and 
a fusion enthalpy of 1 0 J/g. 

35 EXAMPLE 15 

[01 05] To a 1 -liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thoroughly 
purged with nitrogen, was added 350g polymerization grade toluene and the temperature set at 80°C. To this was 
added 1 .5 ml of a 30% solution of MAO in toluene followed 5 minutes later by 2ml of a precontacted solution containing 

40 1 ml of a 5- 3 M solution of a bis-indenyl dimethylsilyl zirconium dichloride and 1 ml of a 30% solution of MAO, both in 
toluene. Ethylene and Fischer-Tropsch derived 1 -octene were introduced simultaneously at flow rates both of 4 g/min. 
After 1 00 g of ethylene and 1 00 g of Fisher-Tropsch derived 1 -octene were introduced the monomerflows were stopped 
and the reaction continued for another 35 minutes. After this period the catalyst was deactivated by the introduction 
of 1 00 ml iso propanol and the slurry cooled to room temperature under stirring. This slurry was filtered, washed re- 

« peatedly with acetone and dried under vacuum at 80°C. The yield of copolymer, containing 1 3.4% 1 -octene, was 1 95g. 
The density of the copolymer as measured according to ASTM D 1505 was 0.84 g/cm 3 and MFI measured according 
to ASTM D 1238 was 102 dg/min. A GPC measurement was carried out and the M n ,M W M z and polydispersity (P) of 
the copolymer were 321 03, 88675, 1 58670 and 2.76 respectively. DSC gave a melting temperature of 39 deg. and a 
fusion enthalpy of 1 3 J/g. 

50 

EXAMPLE 16 

[01 06] To a 1 -liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thoroughly 
purged with nitrogen, was added 350g polymerization grade cyclohexane and the temperature set at 80°C. To this was 
55 added 1 0 ml of a 30% solution of MAO in toluene prereacted with 0.1 mg bis n-butyl cyclopentadiene zirconium dichlo- 
ride. Ethylene and a 1/2 mass mixture of Fischer-Tropsch derived 1 -pentene and 1 -octene were introduced simulta- 
neously at flow rates of 2g/min. and 1 .5 g/min. respectively. After 50 min. the monomer flows were stopped, and the 
reaction continued for another 10 minutes after which the reaction mixture was cooled down. The catalyst was then 
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deactivated by the introduction of 1 00 ml iso propanol and the slurry filtered, washed repeatedly with acetone and dried 
under vacuum at 70°C. The yield of tcrpc!y~er, containing 1 .0% 1-pcntcnc and 0.4% 1-octcnc, was 70s. The density 
—of the copolymer as measured according to ASTM D 1505 was 0.9191 g/cm 3 and MFI measured according to ASTM 
D 1 238 was 7 dg/min. A GPC measurement was carried out and the M n , M w , M z and polydispersity (P) of the copolymer 
were 52769, 147903, 307128 and 2.80 respectively. Rheological determinations were done according to description 
and the Carreau-Gahleitner equation parameters Ti ln} , a, b, p were respectively 6.79E-5 Pa.s, 4.55E-4, 0.38, 4.1 , at 
150 °C; were respectively 6.04E-5 Pa s, 9.88E-4, 0.39, 3.2, at 160 "C; and were respectively 5.31 E-5 Pa.s, 1 .03E-3, 
0.42, 2.9, at 170°C 

EXAMPLE 17 

[01 07] To a 1 -liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thoroughly 
purged with nitrogen, was added 350g polymerization grade toluene and the temperature set at 80°C. To this was 
added 1 .5 ml of a 30% solution of MAO in toluene followed 5 minutes later by 2ml of a pre-contacted solution containing 

1 ml of a 5" 3 M solution of a bis-indenyl dimethyl silyl zirconium dichloride and 1 ml of a 30% solution of MAO, both in 
toluene. Ethylene and Rscher-Tropsch derived 1 -nonene were introduced simultaneously at flow rates of 4g/min. and 

2 g/min. respectively. After 1 00 g of ethylene and 50 g of Fisher-Tropsch derived 1 -nonene were introduced the mon- 
omer flows were stopped and the reaction continued for another 35 minutes. After this period the catalyst was deac- 
tivated by the introduction of 1 00 ml iso propanol and the slurry cooled to room temperature under stirring. This slurry 
was filtered, washed repeatedly with acetone and dried under vacuum at80°C. The yield of copolymer was 114g. The 
density of the copolymer as measured according to ASTM D 1505 was 0.90 g/cm 3 and MFI measured according to 
ASTM D 1238 was 0.1 dg/min. GPC measurement was carried out and the M n , M w , M 7 and polydispersity (P) of the 
copolymer were 101377, 252832, 446233 and 2.49 respectively. DSC gave melting temperature of 128 deg. and a 
fusion enthalpy of 157 J/g. Rheological determinations were done and the Carreau-Gahleitner equation parameters 
Tl lnf , a, b, p and b/p were respectively 1.1 6E-4 Pa.s, 94.91, 3.41, 0.21, 16.10, at 150 "C; were respectively 1 .18E-4 Pa. 
s, 94.91, 2.14, 0.34, 6.34, at 160 °C; and were respectively 1 .20E-4 Pa.s, 94.91 , 1.22, 0.58, 2.11 at 170 °C. 

EXAMPLE 18 

[01 08] To a 1 -liter stainless steel automated autoclave fitted with heating, cooling and stirring facilities, and thoroughly 
purged with nitrogen, was added 350g polymerization grade toluene and the temperature set at 80°C. To this was 
added 1 .5 ml of a 30% solution of MAO in toluene followed 5 minutes later by 2ml of a pre-contacted solution containing 
1 ml of a 5-3 M solution of a bis-indenyl dimethyl silyl zirconium dichloride and 1 ml of a 30% solution of MAO, both in 
toluene. Ethylene and a 50/50 mixture of Fischer-Tropsch derived 1 -nonene and 1-pentene were introduced simulta- 
neously at flow rates of 4g/min. and 2g/min. respectively. After 1 00 g of ethylene and 50 g of the mixture of Fisher- 
Tropsch derived 1 -nonene and 1 -pentene were introduced the monomerflows were stopped and the reaction continued 
for another 35 minutes. After this period the catalyst was deactivated by the Introduction of 100 ml iso propanol and 
the slurry cooled to room temperature under stirring. This slurry was filtered, washed repeatedly with acetone and dried 
under vacuum at 80°C. The yield of terpolymer was 112g. The density of the copolymer as measured according to 
ASTM D 1505 was 0.921 g/cm 3 and MFI measured according to ASTM D 1 238 was 0.07 dg/min. GPC measurement 
was carried out and the M n , M w , M z and polydispersity (P) of the copolymer was 108792, 265145, 464682 and 2.44 
respectively. DSC gave a melting temperature of 129 deg. and a fusion enthalpy of 153 J/g. 



Claims 

1. A polymer of ethylene as a first monomeric component, with a high carbon number linear alpha olefin having at 
least five carbon atoms as a second monomeric component, with at least one of the monomeric components being 
Fischer- Tropsch derived so that it includes at least one other olefinic component. 

2. A polymer according to Claim 1 , wherein a plurality of the other olefinic components are present in the Fischer- 
Tropsch derived monomeric component, with the molar proportion of other olefinic components in the Fischer- 
Tropsch derived monomeric component being from 0,002% to 2%. 

3. A polymer according to Claim 2, wherein the second monomeric component is Fischer-Tropsch derived; and 
wherein the high carbon number linear alpha olefin is 1-pentene, with the other olefinic components constituting 
about 0,5% of the second monomeric component and comprising 
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2-methyl-1-butene; and/or 

branched olefins having a carbon number of 5; and/or 

internal olefins havinga carbon number of 5; and/or ._ . . _ _ 

cyclic olefins having a carbon number of 5; 

and/or 

wherein the high carbon number linear alpha olefin is 1 -hexene, with the other olefinic components present in the 
second monomelic component comprising 

branched olefins having a carbon number of 6; and/or 
internal olefins having a carbon number of 6; and/or 
cyclic olefins having a carbon number of 6; 

and/or 

wherein the high carbon number linear alpha olefin is 1 -heptene, with the other olefinic components present in the 
second monomeric component comprising 

branched olefins having a carbon number of 7; and/or 
internal olefins having a carbon number of 7; 

and/or 

wherein the high carbon number linear alpha olefin is 1 -octene, with the other olefinic components present in the 
second monomeric component comprising 

branched olefins having a carbon number of 8; and/or 
internal olefins having a carbon number of 8; 

and/or 

wherein the high carbon number linear alpha olefin is 1 -nonene, with the other olefinic components present in the 
second monomeric component comprising 

branched olefins having a carbon number of 9; and/or 
internal olefins having a carbon number of 9. 

A polymer according to Claim 3, wherein the ratio of the molar proportion of ethylene to the molar proportion of 
the high carbon number linear alpha olefin is from 99,9:0,1 to 80:20. 

A polymer according to Claim 3 or Claim 4, which has a melt flow rate of from 0.01 to 1 00g/1 Ominutes and/or which 
has a density in the range 0.835 to 0.950g/cc. 

A polymer according to any one of Claims 3 to 5 inclusive, which has a power exponent b which complies with the 
following equations: 

At 150°C, b 2 0.0437[C] + 0.2013 



At 160°C, b 5 0.0308[C] + 0.2138 



At 170°C, b a 0.0308[C] + 0.2538, 

where b is a Carreau-Gahleitner parameter, and [C] is the high carbon number linear alpha olefin content in mole 
percentage; and/or 

which has a power exponent p which complies with the following equations: 
At 150°C, pa-1 .2877[C] + 6.8666 
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At 160°C, p > -1 .1233[C] + 6.3942 



At 170°C, p > -1.1507[C] + 6.3063, 

where p is a Carreau-Gahleitner parameter, and is the high carbon number linear alpha olefin content in mole 
percentage; and/or 

which has a power exponent n which complies with the following equations: 
At 150°C, n £ 0.2995[C] - 0.8328 



At 160°C, n > 0.301 1 [C]- 0.8435 



At 170°C, n 2 0.2942[C] - 0.8115 

where n is a Carreau-Gahleitner parameter, and [C] Is the high carbon number linear alpha olefin content in mole 
percentage; and/or 

which complies with the following equations: 

At 150°C, 1/MFI 2 1.5364e' 1E ' 08n ° 



At160°C, 1/MFI > 1.5486e' 11 



At 170°C, 1/MFI > 1.5513e" 1E " 0S,,< ' 
where MFI is the melt flow index and -n" is the dynamic zero shear viscosity. 

A polymer according to any one of Claims 3 to 6 inclusive, which is that obtained by reacting at least ethylene and 
the high carbon number Fischer-Tropsch derived linear alpha olefin in one or more reaction zones, while main- 
taining the reaction zone(s) at a pressure between atmospheric pressure and 5000kg/cm 2 , and at a temperature 
between ambient and 300°C, In the presence of a metallocene catalyst, or a catalyst system comprising a metal- 
locene catalyst and a cocatalyst. 

A process for producing a polymer, which comprises reacting at least a first monomeric component comprising 
ethylene and a second monomeric component comprising a high carbon number linear alpha olefin having at least 
five carbon atoms, and wherein at least one of the monomeric components is Fischer-Tropsch derived so that it 
contains also one or more other olef inic components, in one or more reaction zones, while maintaining the reaction 
zone(s) at a pressure between atmospheric pressure and 5000kg/cm 2 , and at a temperature between ambient 
and 300°C, in the presence of a catalyst, or a catalyst system comprising a catalyst and a cocatalyst. 

A process according to Claim 8, wherein the second monomeric component is Fischer-Tropsch derived; and 
wherein the high carbon number linear alpha olefin is 1-pentene, with the other olefinic components constituting 
about 0,5% of the second monomeric component and comprising 

2-methyl-1-butene; and/or 

branched olefins having a carbon number of 5; and/or 
internal olefins having a carbon number of 5; and/or 
cyclic olefins having a carbon number of 5; 

and/or 

wherein the high carbon number linear alpha olefin is 1 -hexene, with the other olefinic components present in the 
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second monomelic component comprising 

- branched olefins having a carbon number of 6; and/or - - - 

internal olefins having a carbon number of 6; and/or 
s - cyclic olefins having a carbon number of 6; 

and/or 

wherein the high carbon number linear alpha olefin is 1 -heptene, and wherein the second monomeric component 
is Fischer-Tropsch derived, with the other olefinic components present in the second monomeric component com- 
10 prising 

branched olefins having a carbon number of 7; and/or 
internal olefins having a carbon number of 7; 

is and/or 

wherein the high carbon number linear alpha olefin is 1-octene, with the other olefinic components present in the 
second monomeric component comprising 

branched olefins having a carbon number of 8; and/or 
30 - internal olefins having a carbon number of 8; 

and/or 

wherein the high carbon number linear alpha olefin is 1-nonene, and wherein the second monomeric component 
is Fischer-Tropsch derived, with the other olefinic components present in the second monomeric component corn- 
s' prising 

branched olefins having a carbon number of 9; and/or 
internal olefins having a carbon number of 9. 

so 10. A process according to Claim 8 or Claim 9, wherein the catalyst is a metallocene catalyst. 

1 1 . A polymer of ethylene as a first monomeric component, with a first high carbon number linear alpha olefin having 
at least five carbon atoms as a second monomeric component and with a second different high carbon number 
linear alpha olefin having at least four carbon atoms as a third monomeric component, with at least one of the 

35 monomeric components being Fischer-Tropsch derived so that it contains also at least one other olefinic compo- 

12. A polymer according to Claim 11, wherein a plurality of the other olefinic components are present in the Fischer- 
Tropsch derived monomeric component, with the molar proportion of other olefinic components in the Fischer- 

40 Tropsch derived monomeric component being from 0,002% to 2%. 

13. A polymer according to Claim 12, wherein the second monomeric component is Fischer-Tropsch derived; and 
wherein the high carbon number linear alpha olefin of the second monomeric component is 1-pentene, with the 
other olefinic components constituting about 0,5% of the second monomeric component and comprising 

45 

2-methyl-1 -butene; and/or 

branched olefins having a carbon number of 5; and/or 
internal olefins having a carbon number of 5; and/or 
cyclic olefins having a carbon number of 5; 

50 

and/or 

wherein the high carbon number linear alpha olefin of the second monomeric component is 1-hexene, with the 
other olefinic components present in the second monomeric component comprising 

55 - branched olefins having a carbon number of 6; and/or 

internal olefins having a carbon number of 6; and/or 
cyclic olefins having a carbon number of 6; 
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and/or 

wherein the high carfion number linear aipna oiefin of the second monomelic component is i -heptene, with the 
other olefinic components present in the second monomelic component comprising - - 

5 - branched olefins having a carton number of 7; and/or 

internal olefins having a carbon number of 7; 

and/or 

wherein the high carbon number linear alpha olefin of the second monomelic component is 1-octene, with the 
10 other olefinic components present in the second monomer component comprising 

branched olefins having a carbon number of 8; and/or 
internal olefins having a carbon number of 8; 

»s and/or 

wherein the high carbon number linear alpha olefin of the second monomeric component is 1-nonene, with the 
other olefinic components present in the second monomeric component comprising 

branched olefins having a carbon number of 9; and/or 
20 - internal olefins having a carbon number of 9. 

14. A polymer according to Claim 12 or Claim 13, wherein the ratio of the molar proportion of ethylene to the sum of 
the molar proportions of the high carbon number linear alpha olefins is from 99,9:0,1 to 80:20 and/or wherein the 
ratio of the molar proportions of the different high carbon number linear alpha olefins is from 0,1 :99,9 to 99,9:0,1 . 

1 5. A polymer according to Claim 1 2, which is a terpolymer of ethylene with 1 -butene as the third monomeric compon ent 
and 1-pentene, 1-hexene, 1-heptene, 1-octene, or 1-nonene as the second monomeric component. 

16. A polymer according to Claim 12, which Is a terpolymer of ethylene with 1-pentene as the third monomeric com- 
30 ponent and 1 -hexene, 1 -heptene, 1 -octene, or 1 -nonene as the second monomeric component. 

17. A polymer according to Claim 12, which is a terpolymer of ethylene with 1-hexene as the third monomeric com- 
ponent and 1 -heptene, 1 -octene, or 1 -nonene as the second monomeric component. 

35 18. A polymer according to Claim 12, which is a terpolymer of ethylene with 1-heptene as the third monomeric com- 
ponent and 1-octene, or 1-nonene as the second monomeric component. 

19. A polymer according to Claim 12, which is a terpolymer of ethylene with 1 -octene as the third monomeric component 
and 1 -nonene as the second monomeric component. 

40 

20. A polymer according to any one of Claims 12 to 19 inclusive, which has a melt flow rate of from 0.01 to 100g/ 
1 0minutes and/or which has a density in the range 0.835 to 0.950g/cc. 

21 . A polymer according to any one of Claims 12 to 20 inclusive, which has a power exponent b which complies with 
45 the following equations; 

At 150°C, b 2 0.037[C] + 0.2052 

so 

At 160°C, b S 0.0395[C] + 0.2342 



At 170"C, b > 0.0494[C] + 0.2202, 

55 

where b is a Carreau-Gahleitner parameter, and [C] is the high carbon number linear alpha olefin content in mole 
percentage; and/or 

which has a power exponent p which complies with the following equations: 
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At 150°C. p £ -0.4075rCl + 3.4135 
At 160°C, p > -0.501 6[C] + 3.732 

At 1 70° C, p > -0.9091 [C] + 5.3455 

where p is a Carreau-Gahleitner parameter, and [CJ is the high carbon number linear alpha olefin content in mole 
percentage; and/or 

which has a power exponent n which complies with the following equations: 
At 150'C, n i 0.169[C] - 0.3439 
At 160-C, n ;> 0.1765[C] - 0.4004 

At 170-C, n > 0.242[C] - 0.6489 

where n is a Carreau-Gahleitner parameter, and [C] is the high carbon number linear alpha olefin content in mole 
percentage; and/or 

which complies with the following equations: 

At 150°C, 1/MFI i 0.123e 2E ' 05,, ° 
At 160°C, 1/MFI £ O^ge^" 05 '' 0 

At 170-C, 1/MFI S 0.1275e 2E ' OS, '°, 
where MFI is the melt flow index and ti° is the dynamic zero shear viscosity. 

22. A polymer according to any one of Claims 11 to 21 inclusive, which is that obtained by reacting at least ethylene, 
the first high carbon number linear alpha olefin and the different high carbon number linear alpha olefin in one or 
more reaction zones, while maintaining the reaction zone(s) at a pressure between atmospheric pressure and 
5000kg/cm 2 , and at a temperature between ambient and 300°C, In the presence of a catalyst, or a metallocene 
catalyst system comprising a metallocene catalyst and a cocatalyst. 

23. A process for producing a polymer, which comprises reacting at least ethylene as a first monomeric component, 
a first high carbon number linear alpha olefin having at least five carbon atoms as a second monomeric component 
and a different high carbon number linear alpha olefin having at least four carbon atoms as third monomeric com- 
ponent, with at least one of the monomeric components being Fischer-Tropsch derived so that it contains also one 
or more other olefinic components, in one or more reaction zones, while maintaining the reaction zone(s) at a 
pressure between atmospheric pressure and 5000kg/cm 2 , and at a temperature between ambient and 300°C, in 
the presence of a catalyst, or a catalyst system comprising a catalyst and a cocatalyst. 

24. A process according to Claim 23, wherein the second monomeric component is Fischer-Tropsch derived; and 
wherein the first high carbon number linear alpha olefin is 1-pentene, with the other olefinic components constituting 
about 0,5% of the second monomeric component and comprising 

2-methyl-1-butene; and/or 

branched olefins having a carbon number of 5; and/or 
internal olefins having a carbon number of 5; and/or 
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cyclic olefins having a carbon number of 5; 
and/or 

wherein the first high carbon number linear alpha olefin is 1-hexene, with the other olefinlc components In the 
second monomelic component comprising 

branched olefins having a carbon number of 6; and/or 
internal olefins having a carbon number of 6; and/or 
cyclic olefins having a carbon number of 6; 

and/or 

wherein the first high carbon number linear alpha olefin is 1 -heptene, with the other olefinic components in the 
second monomeric component comprising 

branched olefins having a carbon number of 7; and/or 
internal olefins having a carbon number of 7; 

and/or 

wherein the first high carbon number linear alpha olefin is 1-octene, with the other olefinic components in the 
second monomeric component comprising 

branched olefins having a carbon number of 8; and/or 
internal olefins having a carbon number of 8; 

and/or 

wherein the first high carbon number linear alpha olefin is 1-nonene, with the other olefinic components in the 
second monomeric component comprising 

branched olefins having a carbon number of 9; and/or 
internal olefins having a carbon number of 9. 

25. A process according to Claim 23 or Claim 24, wherein the catalyst is a metallocene catalyst. 
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